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INTRODUCTION AND RECOMMENDATIONS 

Scope of Work 

The purpose and scope of cur ren t  work i s  t o  i n v e s t i g a t e ,  develop, 

and test  methods f o r  c a r r y i n g  out s c i e n t i f i c  i n v e s t i g a t i o n s  f o r  Apollo 

and post-Apollo lunar  exp lo ra t ion .  Th i s  f i r s t  s i x  months has seen  

t h e  es tab l i shment  of f i v e  p r o j e c t  a reas  of work involv ing  geology, 

geophysics ,  surveying and photogrammetry, e l e c t r o n i c s  support  and 

i n v e s t i g a t i o n s ,  and f i l m  documentation. Work has  been concent ra ted  

i n  eva lua t ing  and documenting s tandard terrestr ia l  ope ra t ions  involved 

i n  g e o l o g i c a l ,  geophysical  and surveying f i e l d  opera t ions .  This  i n -  

formation w i l l  s e r v e  as a base  f o r  comparing and developing s i n g l e  

and complexly sequenced mission ope ra t ions ,  and provide b a s i c  t i m e ,  

motion, and information d a t a  f o r  engineer ing des ign  purposes and f o r  

miss ion  ope ra t ions  a n a l y s i s .  The work has  been concerned with q e r -  

a t i o n s  t h a t  involve s u b j e c t i v e  as w e l l  as o b j e c t i v e  cons ide ra t ions  

of t h e  phys ica l  environment, such as t h e  na tu re  of t h e  d a t a  der ived  

from geologic  d e s c r i p t i o n  and mapping opera t ions .  The t i m e ,  motion 

and information d a t a  t h a t  have been reduced and analyzed t o  daEe are 

presented  i n  t h i s  r e p o r t .  Evaluation of t h e  d a t a  are cont inuing ,  

and when completed, o the r  r e p o r t s  w i l l  be prepared f o r  t h i s  area of 

s tudy .  

P lans  f o r  t h e  per iod  of January - June,  1965, c a l l  f o r  conduct- 

ing  miss ions  ope ra t ions  sequences us ing  ins t rumenta t ion  such as t h e  

lunar  surveying s t a f f  and an exp lo ra t ion  per i scope  i n  conjunct ion  

wi th  a s imple LEM mock-up. Depending on t h e  s t a t u s  of i n v e s t i g a t i o n s  

- 1 -  



and a v a i l a b i l i t y  of a s u i t ,  a s imula ted  e a r l y  Apollo miss ion  under 

s u i t e d  c o n s t r a i n t s  i s  scheduled f o r  l a te  i n  t h e  per iod .  Surveying 

i n v e s t i g a t i o n s  involv ing  t h e  u s e  of a theodo l i t e - r ang ing  laser system 

f o r  c o n t r o l  of extended t r a v e r s e s  w i l l  be  c a r r i e d  out  e a r l y  i n  t h e  

per iod .  

w i l l  be  forthcoming f o r  traverses of a few m i l e s  t o  t e n s  of m i l e s .  

A mobile geo log ica l  l abo ra to ry  t o  be used i n  t h e  development of roving  

miss ions  i s  being f a b r i c a t e d .  The v e h i c l e  i s  t o  be r ece ived  la te  i n  

February,  t o  be  f o 1 lowed by instrument a t  ion  f o r  conduct ing  survey ing  , 

geophysical  and geo log ica l  t r a v e r s e s .  In s t rumen ta t ion  f o r  t h e  geo- 

p h y s i c a l  t r a v e r s e s  w i l l  be concerned mainly wi th  r a d i a t i o n  d e t e c t i o n  

and analysis. 

Recommendations as t o  t h e  requirements  f o r  such a system 

Seve ra l  s i t es  f o r  t h e  t e s t i n g  and development of Apollo and roving  

These included t h e  Bonito Flow and c inde r  f i e l d ,  and t h e  S.  P. Crater 

flow and a s s o c i a t e d  vo lcan ic  f e a t u r e s  i n  t h e  San Franc iscan  vo lcan ic  

f i e l d  near F l a g s t a f f ;  t h e  Castle But te  diatreme complex and t h e  Co l i -  

seum diatreme i n  t h e  Navajo Reserva t ion ,  east of F l a g s t a f f ;  t h e  Moses 

Rock diatreme of sou theas t  Utah; and t h e  Mono Craters area n o r t h  of 

Bishop, C a l i f o r n i a .  During t h e  next  s i x  months, work w i l l  con t inue  

a t  t h e  Arizona s i tes .  Addi t iona l  work w i l l  be  c a r r i e d  out  a t  Meteor 

Crater, Arizona, and i n  t h e  Barstow area, C a l i f o r n i a .  Much of t h e  

f i e l d  t e s t i n g ,  and s c i e n t i f i c  c o n t r o l  of tes t  si tes w i l l  be f o r  s t u d i e s  

of Apollo-type miss ions .  

Topical  s t u d i e s  begun by p r o j e c t  members are p e t r o l o g i c  a n a l y s i s  

( inc luding  sampling methods f o r  gene ra l  and s p e c i f i c  s c i e n t i f i c  

- 2 -  
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missions)  , photogrammetry and photogrammetric systems f o r  geologic  

and topographic  d a t a ,  and imaging systems f o r  t h e  t ransmiss ion  of 

s c i e n t i f i c  da ta .  F e a s i b i l i t y  s t u d i e s  a l s o  are being made on d a t a  

a c q u i s i t i o n  and s u r v e i l l a n c e  systems f o r  u se  i n  t h e  f i e l d  inves t iga -  

t i o n s .  Some of t h e s e  systems may be incorpora ted  i n  a surveying s t a f f  

and some i n  an  exp lo ra t ion  per iscope t o  be  used from e i t h e r  a s t a t i o n -  

a ry  o r  mobile v e h i c l e .  Prel iminary r e s u l t s  of some of t h e  t o p i c a l  

s t u d i e s  are included i n  t h i s  r epor t .  

General  support  a c t i v i t i e s  c a r r i e d  out by t h e  p r o j e c t s  inc lude  

t h e  establ ishment  of h o r i z o n t a l  and v e r t i c a l  surveying c o n t r o l  a t  

test s i tes ,  and t h e  p a r t i a l  es tabl ishment  of a Command, Data Recept ion,  

and Analysis  (CDRA) f a c i l i t y  f o r  i n v e s t i g a t i o n s  of n e a r - r e a l  t i m e  

a n a l y s i s  of t r ansmi t t ed  s c i e n t i f i c  da t a .  A microwave l i n k  w a s  e s t a b -  

l i s h e d  i n  t h e  F l a g s t a f f  area so t h a t  test d a t a  can  be t r a n s m i t t e d  from 

t h e  test  sites. The f i l m  documentation u n i t  has obtained t i m e  and 

motion f i lms  of s tandard  f i e l d  opera t ions  i n  geology, geophysics and 

surveying which are a v a i l a b l e  f o r  o p e r a t i o n a l  a n a l y s i s  t o  des ign  en- 

g inee r s  and o t h e r  i n t e r e s t e d  persons i n  NASA. 

Recommendations for  Manned Lunar Explora t ion  

Cons idera t ions  der ived  from past  exper ience ,  paper s t u d i e s  of 

mission p r o f i l e s ,  and l imi t ed  f i e l d  ope ra t ions  and tests conducted 

t o  d a t e ,  have r e s u l t e d  i n  t h e  development of t h e  fol lowing gene ra l  

concepts  f o r  ca r ry ing  out manned lunar  exp lo ra t ion .  These form t h e  

framework of t h e  missions t e s t i n g  and development program. They are 

- 3 -  



considered t o  be  pre l iminary  and w i l l  be e s t a b l i s h e d ,  modif ied,  01: 

e l imina ted  as t h e  r e s u l t  of f u t u r e  miss ions  ope ra t ions  t e s t i n g .  

ommendations r e l a t i n g  t o  s p e c i f i c  missions ope ra t ions  are conta ined  

i n  t h e  r e p o r t s  f o r  t h e  ind iv idua l  p r o j e c t s .  

Ret- 

Apollo Explora t ion  

Explorat ion by man on t h e  lunar  s u r f a c e ,  i n  l i g h t  of a n t i c i p a t e d  

miss ion  c o n s t r a i n t s ,  should be h ighly  automated, so t h a t  n e i t h e r  t h e  

man on t h e  lunar  s u r f a c e  nor t h e  man i n  t h e  LEM w i l l  be  burdened wi th  

r o u t i n e  opera t ions .  

p a r t  of t h e  phys ica l  e f f o r t  and t h e  t i m e  expended dur ing  terrestr ia l  

f i e l d  inves t iga t ions .  

Such opera t ions  commonly make up a s i g n i f i c a n t  

Early Apollo miss ions  i n  p a r t  w i l l  be d i r e c t e d  t o  t h e  s tudy  of 

g a t i o n s  probably w i l l  b e  Carried out w i th in  s i g h t  o r  t h e  LEV. The 

s u r f a c e  a s t ronau t  should be f r e e  t o  observe and desc r ibe  t h e  d e t a i l s  

of h i s  environment, and he should use  h i s  t i m e  and h i s  f i e l d  i n s t r u -  

ments so t h a t  h i s  c a p a b i l i t i e s  are u t i l i z e d  most e f f e c t i v e l y .  H e  

should be r e l i e v e d ,  i n s o f a r  as p o s s i b l e ,  of mechanical ope ra t ions  

of determining and r e l a y i n g  p o s i t i o n a l  and a t t i t u d e  d a t a ,  or sensor  

information,  re la t ive  t o  f e a t u r e s  derrcribed o r  ins t ruments  employed. 

A system c a r r i e d  by t h e  a s t r o n a u t ,  and one t h a t  ho lds  t h e  a s t ronau t  

under su rve i l l ance  from t h e  LEM, should be  employed t o  o b t a i n  and 

transmit continuoue or n e a r l y  continuous p a a i t i o n a l  and o r i e n t a t i o n  

information wi th  no,  o r  very l i t t l e ,  use e5 t h e  f i e l d  i n v e e t i g a t o r ' s  

time. This in format ion ,  however, should be available t o  t h e  
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i n v e s t i g a t o r  when needed t o  guide h i s  observa t ions .  

both t h e  a s t ronau t  and LEM explora t ion  systems would provide o b j e c t i v e  

r eco rds  of both t h e  s e t t i n g  and t h e  d e t a i l s  of t h e  environment about 

t h e  landing s i te .  Sensors  c a r r i e d  by t h e  a s t ronau t  would supplement 

t h e  imagery and v e r b a l  records  with measurements of p r o p e r t i e s  t h a t  

might inc lude  bear ing  s t r e n g t h s ,  r a d i a t i o n ,  magnetism and e l e c t r i c a l  

p r o p e r t i e s .  During a t r a v e r s e ,  t h e  phys i ca l  e f f o r t ,  o t h e r  t han  t h a t  

of making t h e  traverse, should be d i r e c t e d  toward ca r ry ing  out oper- 

a t i o n s  d i c t a t e d  by t h e  n a t u r e  and by t h e  emplacement o r  ope ra t ion  

of ins t ruments  on t h e  lunar  surface.  The a s t ronau t  should c a r r y  an 

imaging system t h a t  would record  the d e t a i l s  of t h e  lunar  s u r f a c e ,  

which would be supplemented by ve rba l  d e s c r i p t i o n ;  t h e  imaging system 

would a l s o  o b t a i n  r eco rds  of t h e  emplacement of t h e  instruments .  

Imagery from 

Imagery obta ined  through a f i lm photographic camera c a r r i e d  by 

t h e  a s t r o n a u t ,  as w e l l  as through an imaging system such as a v id i con  

camera, should be a p a r t  of t h e  f i e l d  exp lo ra t ion  system. S tereoscopic  

imagery should be obtained by both t h e  f i l m  and e l e c t r o n i c  systems, 

and be amenable t o  both photogrammetric and photometric a n a l y s i s .  

Visua l  d a t a  t r ansmi t t ed  through a v id i con  system, toge the r  w i th  

v e r b a l  information and p o s i t i o n a l  information suppl ied  by a t r a c k i n g  

and ranging  system, would permit  the r e c o n s t r u c t i o n  on Ear th ,  i n  nea r -  

rea l  time, of much of t h e  d a t a  t ransmi t ted  by t h e  a s t ronau t .  Near- 

real  t i m e  eva lua t ion  conducted by t h e  s c i e n t i f i c  pane l  would almost 

c e r t a i n l y  r e s u l t  i n  much more e f f i c i e n t  s c i e n t i f i c  e x p l o r a t i o n  during 

normal miss ions  than  i f  no c a p a b i l i t y  f o r  real t i m e  eva lua t ion  and 
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support  is planned f o r  during t h e  conduct of a miss ion .  

of such a team e f f o r t  presumably would be optimized dur ing  pre-miss ion  

t e s t i n g  operat  i ons .  

T h e  e f f i c i e n c y  

Sampling programs have y e t  t o  be developed. However, t o  o b v i a t e  

skewed sampling, i t  seems l i k e l y  t h a t  a l a r g e  number of s m a l l  samples 

should be obta ined  during t h e  traverses. Such sampling would provide  

a f a i r  r ep resen ta t ion  of a wide v a r i e t y  of lunar  materials. 

s p e c i a l  samples, s e l e c t e d  f o r  t h e  p re se rva t ion  of t e x t u r e ,  o r  l a r g e  

samples f o r  s p e c i a l  a n a l y s i s ,  a l s o  should be c o l l e c t e d .  The c o l l e c -  

t i o n  of t hese  probably would be made a f t e r  some f a m i l i a r i t y  wi th  t h e  

lunar  sur face  i s  ob ta ined ,  

A few 

A prel iminary test  conducted by t h e  Geological  Survey demcnstraced 

the imnnrtanrQ nf ~ i i r ~ ~ ~ i l  Innre nf t h e  n l l r f a c e  astrnnallt frtm f h e  v p h i -  

of t h e  as t ronaut  i n  t h e  contex t  of t h e  environment and permi t ted  

more ready understanding of t h e  imagery and ve rba l  i n fo rma t i sn  imparted 

by t h e  sur face  a s t r o n a u t .  A s u r v e i l l a n c e  imaging s y s t e m  l z c a t e d  cn 

t h e  LEM could be monitored both by t h e  LEM as t ronau t  and by an Ear th-  

based panel .  The s u r v e i l l a n c e  system could  o b t a i n  b a s i c  s c i e n c i f  i c  

d a t a ,  permit e f f i c i e n t  ex tens ion  of t h e  f i e l d  work by c h e  LEM a s t r o -  

n a u t ,  could b e  of a i d  i n  d i r e c t i n g  t h e  s u r f a c e  a s t ronau t  f c ;  p o i n t s  of 

i n t e r e s t  t h a t  might not be r e a d i l y  apparent  t o  him, o r  c m l d  be of 

he lp  t o  t h e  man on t h e  s u r f a c e  by enabl ing  him t o  r e l o c a t e  himself  

a t  some previous ly  occupied s t a t i o n  f o r  s p e c i a l  sampllng purposes ,  

instrument emplacement , o r  f o r  re-examinat ion of some c r i t i c a l  r e l a t i o n -  

sh ip .  Furthermore, i f  t h e  LEN s u r v e i l l a n c e  system au tomat i ca l ly  t r a c k s  
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t h e  a s t ronau t  , t h e  LEN as t ronau t  could quick ly  and e a s i l y  monitor 

t h e  s u r f a c e  a s t ronau t  f o r  s a f e t y  a s  w e l l  as s c i e n t i f i c  purposes;  

t h e r e  would be no need f o r  a t r a v e r s e  and search  procedure wi th  pe r -  

i scope  on t h e  p a r t  of t h e  LEM as t ronaut .  S t a d i a  re t ic les  i n  t h e  

v id i con  o r  per i scope  system would permit a r a p i d ,  a c c u r a t e  estimate 

of t h e  range t o  t h e  s u r f a c e  a s t ronau t ,  and t h e  system could be moni- 

t o r e d  quick ly ,  without  complex ope ra t iona l  d u t i e s  , by t h e  LEM a s t r o -  

nau t .  

Post-Apollo Explora t ion  

An as t ronau t  sur face-explora t ion  system l i k e  t h a t  descr ibed  above 

a l s o  would be of g r e a t  u se  f o r  ind iv idua l  excurs ions  from a LEM/Shelter 

o r  mobile geo log ica l  l abo ra to ry .  

r e t u r n  of information t h a t  otherwise would not  be obta ined  without  

c l o s e  s c r u t i n y  of t h e  lunar  surface.  An imaging system mounted on 

t h e  mobile l abora to ry  o r  s m a l l  roving v e h i c l e  would permit panoramic 

s u r v e i l l a n c e  of areas inves t iga ted .  S te reoscopic  imagery s u i t a b l e  

f o r  photogrammetric r educ t ion  and photometric a n a l y s i s  would be ob- 

t a i n e d  through e i t h e r  ho r i zon ta l -  o r  v e r t i c a l - b a s e  imagery. Here, 

as i n  Apollo exp lo ra t ion ,  as complete and as a n a l y t i c a l l y  r educ ib l e  

d a t a  as p o s s i b l e  would be obtained w i t h i n  mission c o n s t r a i n t s .  

The system would permit  an optimum 

Roving v e h i c l e  exp lo ra t ion  traverses beyond t h e  s u r v e i l l a n c e  

c a p a b i l i t y  of a f i x e d  base need t h e  es tab l i shment  of t h e  l o c a t i o n  

and e l e v a t i o n  of d a t a  p o i n t s  and instrument s t a t i o n s  along i n d i v i d u a l  

traverses t o  permit a n a l y s i s  and reduct ion  of t h e  geologic  and geo- 

phys i ca l  da t a .  Such c o n t r o l  probably can be c a r r i e d  by back s i g h t s  
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on t a r g e t s  by means of a ranging  l a s e r - t h e o d o l i t e  surveying system 

c a r r i e d  on t h e  roving  v e h i c l e .  

l o c a t e  data  p o i n t s ,  such as those  f o r  t r a c i n g  key beds t o  d e f i n e  geo- 

l o g i c  s t r u c t u r e s ,  and those  i n t e r s e c t i n g  topographic  prominences t o  

e s t a b l i s h  surveying c o n t r o l  l a t e r a l l y ,  and would o b v i a t e  a visi t  t o  

each f e a t u r e .  The ranging l a s e r - t h e o d o l i t e  system would have use  f o r  

roving  veh ic l e  exp lo ra t ion  of a few m i l e s  t o  hundreds of m i l e s .  Th i s  

system also, might have va lue  as a s i g n a l l i n g  device  t o  Ea r th  f o r  u s e  

i n  an emergency cormnunicaticns mode. During both l i m i t e d  and extended 

lunar  vehiccllar traverses t h e  geologic  a c t i v i t i e s  might be cons idered  

as reconnaissance,  wi th  d e t a i l e d  exp lo ra t ion  i n  s m a l l  areas of s p e c i a l  

i n t e r e s t .  Geophysical i n v e s t i g a t i o n s ,  p a r t i c u l a r l y  se i smic  t r a v e r s e s ,  

become more e f f e c t i v e  as t h e  t r a v e r s e  l eng ths  inc rease ,  w i th  t h e  longer  

Such a system could  a l s o  be used t o  

as might be e f f e c t e d  by a ranging  l a s e r - t h e o d o l i t e  system, i s  essen-  

t i a l  f o r  eva lua t ing  t h e  geophysical  da t a .  

Many samples could be c o l l e c t e d  dur ing  extended lmar  t r a v e r s e s  

o r  during extended luna r  s t a y  t i m e s  a t  a f i x e d  base  i n  which t h e r e  i s  

l i m i t e d  mobi l i ty .  Because sample r e t u r n  c a p a b i l i t y  t o  Ear th  is fairly 

s m a l l  pe t ro log ic  a n a l y s i s  of lunar  materials w i l l  probably be r equ i r ed  

on t h e  lunar  s u r f a c e  t o  select t h e  most va luab le  samples t o  be c a r r i e d  

t o  Ear th ,  I n  a d d i t i o n ,  d a t a  obta ined  on t h e  samples discarded would 

form p a r t  of t h e  permanent s c i e n t i f i c  record .  The a n a l y s i s  equipment 

would be c a r r i e d  aboard a mobile l abora to ry ,  o r  be p a r t  of t h e  i n s t r u -  

ment complex aboard a LEM/Shelter. Analysis  equipment, such as a 
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pet rographic  microscope and accessory equipment, X-ray d i f  f rac tometer  , 

X-ray spec t rometer ,  gamma r a y  spectrometer ,  and o the r  equipment f o r  

geochemical a n a l y s i s  would provide v a l u a b l e  information as t o  composi- 

t i o n  of t h e  materials sampled. 

d i r e c t i o n  of t h e  s c i e n t i f i c  i nves t iga t ions  on t h e  lunar  su r face .  

This information would a i d  i n  t h e  

Much of t h e  equipment t h a t  might be used i n  t h e  exp lo ra t ion  sys-  

t e m s  and concepts  ou t l ined  above i s  w i t h i n  p re sen t  design and manu- 

f a c t u r i n g  c a p a b i l i t i e s .  The development of instruments  and techniques 

i n t o  s c i e n t i f i c  missions remains t o  be done, t hen  r e f i n e d  as t h e  equip- 

ment, our knowledge of t h e  Moon, and t h e  s p e c i f i c  s c i e n t i f i c  problems 

t o  be so lved ,  become more soph i s t i ca t ed .  

Pre l iminary  Recommendations f o r  LEM Per iscope  Design 

Prel iminary cons ide ra t ions  suggest t h a t  a s u r v e i l l a n c e  per i scope  

on t h e  LEM would be a h ighly  usefu l  s c i e n t i f i c  and ope ra t iona l  i n s t r u -  

ment. It would have t h e  fol lowing p o t e n t i a l  uses:  

1. To  o b t a i n  lunar  panorama, 

2 .  To inc rease  s a f e t y  f a c t o r  f o r  man on su r face .  

3 .  To o b t a i n  geologic  and geomorphic d e s c r i p t i o n  i f  Lm l ands  

but  a s t ronau t  cannot g e t  out .  

4 .  T o  ob ta in  photography a t  d i f f e r e n t  scales wi th  s e l f -  

developing f i l m  f o r  annotat ion from LEM. 

To p l an  exp lo ra t ion  t r a v e r s e s  be fo re  e g r e s s  t o  su r face .  5 .  

6 .  To minimize f a m i l i a r i z a t i o n  reconnaissance f o r  each suc-  

ceeding excursion.  

7 .  To ob ta in  high r e s o l u t i o n  photographic imagery through 

pe r  iscope. 
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8. 

9. 

10. 

11. 

12. 

13. 

To 

T o  t ransmi t  imagery t h a t  can be analyzed on Ear th  f o r  po in t  

l o c a t i o n s  by monoscopic comparator o r  pho to theodo l i t e  methods. 

To ob ta in  f i l m  and t r ansmi t t ed  stereo-imagery f o r  geologic  

and geomorphic i n t e r p r e t a t i o n  on Earth.  

To obta in  v e r t i c a l  base stereo-imagery f o r  photogrammetry 

a n a l y s i s  (See Swann and o t h e r s ,  Astrogeology Technical  

Letter 3).  

To ob ta in  range,  azimuth, and v e r t i c a l  angle  information 

f o r  mapping purposes. 

To compile a map on Ear th  i n  n e a r - r e a l  t i m e  from automatic  

d a t a  a c q u i s i t i o n  systems on per iscope.  

To provide a rugged back-up device t h a t  can be manually 

oDerated from t h e  LEM i n  c a s e  of faillire nf  anv nvnnncerl 

f u l f i l l  t h e s e  u s e s ,  t h e  per i scope  should be designed t o  m e e t  

t h e  following func t iona l  s p e c i f i c a t i o n s :  

1. Var iab le  power magni f ica t ions  of approximately 2X, 4X, and 

8 X ,  w i t h  30", 15", and 7%" f i e l d s  of view, r e s p e c t i v e l y .  

Stereo-viewing wi th  approximately 30-inch base.  2. 

3. T i l t  head, designed t o  tilt from +45" t o  -15" wi th  a con- 

t i n u a l  tilt c a p a b i l i t y .  

4. Can be r a i s e d  approximately 6 f e e t  above LEM. 

5. Rota tab le  360" about i t s  v e r t i c a l  axis,  wi th  azimuth s c a l e  

r e l a t i v e  t o  LEM. 

6 .  Provis ion  f o r  automatic t r a c k i n g  of man on sur face .  
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7. Telescopic  a l i d a d e  ( s t ad ia  r e t i c l e )  and/or  o p t i c a l  range 

f i n d e r  wi th  c a p a b i l i t y  of v e r t i c a l  ang le  determinat ion.  

a) Required accu rac i e s  

1) range: op t imal ,  1 f o o t  i n  1000 f e e t ;  minimal, 

10 f e e t  i n  1000 feet. 

2) v e r t i c a l  and ho r i zon ta l  angles:  opt imal ,  3.4 '  

of arc; minimal, 34.0'  of arc. 

8. Eyepieces,  and add i t iona l  p o r t s  adaptab le  f o r  mounting 

e l e c t r o n i c  imaging or  f i lm camera systems for s t e r e o -  

photography. 

- 11 - 



LUNAR FIELD GEOLOGICAL METHODS 

(H. H. Schmit t ,  P r o j e c t  Chief )  

This r e p o r t  covers  t h e  p r i n c i p a l  a c t i v i t i e s  of t h e  Lunar F i e l d  

Geological Methods p r o j e c t  during t h e  f i r s t  h a l f  of f i s c a l  year  1965. 

The pro jec t  i s  involved p r imar i ly  i n  t i m e  and information s t u d i e s  of 

f i e l d  geologica l  ope ra t ions  and i n  t h e  development and t e s t i n g  of 

sequenced geo log ica l  opera t ions  f o r  e a r l y  Apollo and extended Apollo 

s c i e n t i f i c  missions I n  a d d i t i o n ,  p r o j e c t  personnel  have begun t o p i c a l  

s t u d i e s  of p e t r o l o g i c a l  a n a l y s i s ,  photography and photogrammetry, and 

lunar  explora t ion  ins t rumenta t ion  as t h e s e  t o p i c s  re la te  t o  t h e  conduct 

of e a r l y  and extended lunar  m i s s  ions .  

The p r o j e c t  a c t i v i t i e s  are p r imar i ly  f i e l d  o r i e n t e d ,  and c o n s i s t  . 

UL p u L c i i L L a L  uac L V L  IuuaI - = h t ) L u L a L L w u .  I U L S i i L I a L  L L L L D J L C , L I  w t ) c L a L L ' J i i a  

are evaluated by comparing t h e  t i m e  f o r  an  ope ra t ion  and t h e  q u a n t i t y  

and q u a l i t y  of d a t a  obta ined  wi th  geo log ica l  c o n t r o l  d a t a  obta ined  by 

s tandard  f i e l d  methods. S t a t i s t i c a l  a n a l y s i s  of t h e  d a t a  i s  employed 

where appl icable .  

The development of p o t e n t i a l  f i e l d  geologic  ope ra t ions  and miss icns  

f o r  early Apollo w i l l  dominate t h e  f i e l d  i n v e s t i g a t i o n s  f o r  t h e  remainder 

of t h e  f iscal  y e a r .  Two s h i r t - s l e e v e  t e s t s  of sequenced mission opera- 

t i o n s  are t e n t a t i v e l y  scheduled f o r  t h i s  per iod .  The tests w i l l  employ 

t h e  LEM mock-up and a v a i l a b l e  test pro to types  of Apollo ins t rumenta t ion ,  

w i l l  be  conducted under va r ious  t i m e  c o n s t r a i n t s .  I f  t h e  progress  of 

t h e  p r o j e c t s  mission development s t u d i e s  warrant  i t ,  space-su i ted  
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opera t ions  w i l l  be t e s t e d  dur ing  the l a t t e r  p a r t  of t h e  second tes t .  

The Apollo-or iented inves t iga t ions  a l s o  w i l l  be d i r e c t l y  a p p l i c a b l e  

t o  t h e  conduct of extended Apollo and mobile l abora to ry  missions.  

Addi t iona l  p ro jec t  work t h a t  i s  s p e c i f i c a l l y  r e l a t e d  t o  extended Apollo 

and mobile labora tory  missions w i l l  be  l a r g e l y  i n  t h e  areas encompassed 

by t h e  t o p i c a l  s t u d i e s .  

Geo log i c  a 1 Surveying 

Simple surveying opera t ions  a re  commonly used during t e r r e s t r i a l  

geo log ica l  i n v e s t i g a t i o n s .  Among t h e s e  ope ra t ions  a r e  pacing and t h e  

use  of t a p e s ,  compasses, c l inometers ,  hand levels, and open-sight 

and t e l e s c o p i c  a l idades .  Most of t h e s e  opera t ions  w i l l  probably have 

coun te rpa r t s  during some phases of manned lunar  exp lo ra t ion .  In addi-  

t i o n ,  they involve r e l a t i v e l y  s i m p l e  motions,  t h e  i m e s t i g a t i o n  of 

which w i l l  provide a b a s i s  f o r  t h e  a n a l y s i s  of s i m i l a r  motions under 

space-su i ted  condi t ions .  . 

A s  an e a r l y  phase of i t s  i n v e s t i g a t i o n s ,  t h e  p r o j e c t  conducted 

t i m e  and information s t u d i e s  of s eve ra l  geo log ica l  surveying opera- 

t i o n s  u t i l i z i n g  va r ious  t e r r a i n s  and s lopes  near  F l a g s t a f f  and t h e  

test  s u b j e c t s  discussed i n  Appendix A. A d e t a i l e d  r e p o r t  of t h e s e  

s t u d i e s  now i n  p repa ra t ion  w i l l  include a n a l y s i s  of t h e  fol lowing 

s tandard  ( s h i r t - s l e e v e )  opera t ions :  walking speed; pace l eng th ;  s lope  

measurement by hand-held instruments;  de te rmina t ion  of r e l a t i v e  e leva-  

t i o n  by hand l e v e l i n g ;  g r i d  layout f o r  sampling o r  mapping purposes;  

and es tab l i shment  of simple geologic survey n e t s .  
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Geological  Desc r ip t ion  

Gener a1 Statement 

The gene ra l  a s p e c t s  of geo log ica l  d e s c r i p t i o n  dur ing  luna r  e x p l o r a t i o n  

have been d iscussed  by Swann and o t h e r s  (1964, p. 11). The Lunar F i e l d  

Geological Methods p r o j e c t  i s  i n v e s t i g a t i n g  t h e  methods of ob ta in ing  

geologica l  d e s c r i p t i o n  and t h e  r o l e  t h a t  such d e s c r i p t i o n  can  p l ay  under 

t h e  va r ious  phys ica l ,  equipment, and t i m e  c o n s t r a i n t s  t h a t  are c u r r e n t l y  

thought t o  be p o s s i b l e  o r  probable  dur ing  luna r  exp lo ra t ion .  

I n  add i t ion  t o  i t s  inherent  s c i e n t i f i c  va lue  i n  i n t e r p r e t a t i o n  of 

lunar  f e a t u r e s ,  geo log ica l  d e s c r i p t i o n  on t h e  lunar  s u r f a c e  may s e r v e  

one o r  more  of t h e  fol lowing purposes: 

1. Give context  t o  d a t a  from re tu rned  imagery and samples 

L .  ULVE YUQI IL~LLVS aiiu q u a i i L A L a L I v c  uaLa uii L U ~ U ~ L ~ ~ U L L ,  

s t r u c t u r a l ,  and t e x t u r a l  f e a t u r e s  t h a t  cannot be ade- 

qua te ly  por t rayed  by t h e  a v a i l a b l e  imaging systems. 

3 .  Give q u a l i t a t i v e  and q u a n t i t a t i v e  d a t a  on lunar  mater ia ls  

t h a t  cannot be r e a d i l y  sampled. 

Give those  d a t a  necessary  t o  d i s t i n g u i s h  t h e  u n i t s  

de l inea ted  and sampled during geologic  mapping. 

4 .  

5. Give those  d a t a ,  i n  a d d i t i o n  t o  t r ansmi t t ed  imagery, t h a t  

are necessary  f o r  t h e  nea r - r ea l  t i m e  c o n s t r u c t i o n  of a 

geologic  map t h a t  i s  adequate t o  permit a monitor ing 

a s t ronau t  o r  s c i e n t i s t  t o  assist  i n  t h e  conduct of su r f ace  

e x p l o r a t i o n ,  
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6. Provide a back-up procedure f o r  ob ta in ing  as much 

s c i e n t i f i c  d a t a  as poss ib l e  should a f a i l u r e  of t h e  

imaging systems occur and/or t h e  r e t u r n  of samples 

be impossible.  

Descr ipt ion Guides 

Descr ip t ive  d a t a  on geologic  f e a t u r e s  w i t h i n  an area of d e t a i l e d  

s tudy during manned lunar  exp lo ra t ion  w i l l  be obta ined  l a r g e l y  by an  

a s t ronau t  on t h e  s u r f a c e .  

1964, p. 13) by which t h e  su r face  a s t ronau t  can o b t a i n  t h e s e  d a t a  w i t h i n  

t h e  known missions c o n s t r a i n t s  are: 

The three genera l  methods (Swann and o t h e r s ,  

1. Free  or  u n r e s t r i c t e d  d e s c r i p t i o n ,  poss ib ly  aided by 

b r i e f  check l is ts .  

Descr ip t ion  guided by ve rba l  prompting from an a s t ronau t  

i n s i d e  a lunar  spacec ra f t ,  o r  from Earth-based s c i e n t i s t s .  

2 .  

3. A combination of t h e s e  two methods i n  which t h e  f r e e  des- 

c r i p t i o n  by t h e  s u r f a c e  as t ronaut  i s  monitored by t h e  

spacec ra f t  a s t ronau t  o r  by Earth-based s c i e n t i s t s ,  and 

ampl i f ied  as requi red .  

Descr ip t ion  guides o r  check l i s t s  are  necessary f o r  t h e  d e t a i l e d  

i n v e s t i g a t i o n  of t h e  a p p l i c a b i l i t y  of t h e s e  methods. The guides  can 

a l s o  be an a i d  i n  determining how geo log ica l  d e s c r i p t i o n  can f u l f i l l  

t h e  purposes prev ious ly  out l ined .  Guides f o r  va r ious  types  of geolog- 

i c a l  f e a t u r e s  w i l l  be u s e f u l  i n  t r a i n i n g  a s t r o n a u t s  i n  sys temat ic  f r e e  

d e s c r i p t i o n  and i n  t h e  d i sc r imina t ion  of geologic  d e t a i l  t h a t  does not  

unnecessa r i ly  d u p l i c a t e  the  information ob ta inab le  from r e t u r n e d  imagery 
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and samples .  

a second pa r ty  is  found t o  be necessary dur ing  a miss ion ,  d e s c r i p t i o n  

guides  w i l l  f a c i l i t a t e  t h e s e  ope ra t ions  a f t e r  t h e  a s t r o n a u t s  have d e t e r -  

mined what f e a t u r e s  should be descr ibed.  

I f  monitor ing o r  prompting of t h e  s u r f a c e  a s t r o n a u t  by 

Prel iminary f i e l d  d e s c r i p t i o n  guides  f o r  some gene ra l  t ypes  of 

geologic  f ea tu res  are given i n  Appendix B.  

f e a t u r e s  a r e  included: f r e s h  rock,  exposed rock ,  included rock f r a g -  

ments,  minera ls ,  l a y e r i n g ,  f r a c t u r e s ,  and f o l d s .  

Guides f o r  t h e  fol lowing 

Detai led d e s c r i p t i o n  guides  f o r  more s p e c i f i c  geo log ica l  f e a t u r e s  

found on Earth can be r e a d i l y  developed. 

lunar  sur face  becomes a v a i l a b l e  through t h e  unmanned probes and lunar  

o r b i t e r s ,  add i t iona l  guides  f o r  f e a t u r e s  p e c u l i a r  t o  t h e  Moon can  be 

developed and t h e  prev ious ly  developed guides  modified i f  r equ i r ed ,  

AS more information on t h e  

d e s c r i p t i o n  gu ides ) ,  when compared wi th  t h e  amount of a v a i l a b l e  t i m e  

on t h e  lunar su r face ,  w i l l  even tua l ly  n e c e s s i t a t e  t h e  es tab l i shment  

of d e s c r i p t i v e  p r i o r i t i e s .  

be one of the  e f f o r t s  of t h e  Lunar F i e l d  Geological  Methods p r o j e c t .  

It i s  probable ,  however, t h a t  t h e  establ ishment  of t h e  f i n a l  sequence 

of p r i o r i t i e s  w i l l  have t o  a w a i t  t h e  a r r i v a l  of t h e  a s t r o n a u t s  on t h e  

Moon. 

A determina t ion  of p o s s i b l e  p r i o r i t i e s  w i l l  

The i t e m s  i n  upper case  letters i n  t h e  d e s c r i p t i o n  guides  i n  

Appendix A are those  t h a t  would probably be necessary  t o  observe even 

i f  high r e s o l u t i o n ,  black-and-white photographs ( inc lud ing  o r b i t e r  

photographs) of a given f e a t u r e  w e r e  r e tu rned .  Very s m a l l  s i z e  o r  
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s u b t l e  express ion  of f e a t u r e ,  or a decrease i n  t h e  r e s o l u t i o n  of t h e  

photographs,  would inc rease  t h e  number of i t e m s  t o  be observed. 

Underlined i t e m s  i n  t h e  d e s c r i p t i o n  guides  would provide d a t a  not 

ob ta inab le  from a small ,  r e tu rned  sample. I t e m s  i nd ica t ed  by (#) might ,  

i n  some c a s e s ,  be obta ined  from an o r i en ted  sample. I f  lunar  t e x t u r e s  

are coa r se ,  r e l a t i v e  t o  t h e  poss ib l e  s i z e  of a sample, and t h e  t e x t u r e s  

are t o o  s u b t l e  t o  photograph, then  those  i t e m s  i nd ica t ed  by (*) may 

need t o  be descr ibed .  

I n  t h e  optimum s i t u a t i o n ,  i n  which a high q u a l i t y  photograph and 

a s m a l l  sample are r e tu rned ,  t h e  items i n  Appendix A t h a t  are both i n  

upper case le t ters  and underl ined should be descr ibed ,  i f  t hey  are 

p r e s e n t .  These i t e m s ,  however, may not  inc lude  those  necessary t o  

d i s t i n g u i s h  f e a t u r e s  de l inea ted  by geologic  mapping dur ing  mission.  

The d e c i s i o n  on what i t e m s  represent  t h e  d i s t i n g u i s h i n g  c h a r a c t e r i s t i c s  

of mappable f e a t u r e s  can be made with c e r t a i n t y  only by t h e  a s t r o n a u t  

on t h e  su r face .  

Descr ip t ions  of t h e  var ious  necessary i t e m s  should be  given by 

numerical  va lues  whenever poss ib l e ,  I f  t h e r e  are s i g n i f i c a n t  v a r i a t i o n s  

i n  given dimensions,  maximum, minimum and average va lues  should be  given. 

When it is  reasonable  t o  do so ,  dimensions should be r e f e r r e d  t o  geo- 

me t r i c  forms, even i f  t h e  form i s  only a gross  approximation of t h e  

a c t u a l  ob jec t .  

A problem t h a t  sometimes a r i s e s  when a d e s c r i p t i o n  guide i s  employed 

i s  t h a t  d e t a i l s  may be emphasized a t  t h e  expense of t h e  o v e r - a l l  p i c t u r e ,  

but  t h i s  problem can be  overcome by t r a i n i n g  and experience.  An advantage 
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of a desc r ip t ion  guide is t h a t  it i s  an a i d  i n  ob ta in ing  conciseness  

without  s a c r i f i c i n g  completeness.  The compi la t ion  of a conc i se  y e t  

accu ra t e  geologic vocabulary may be  an important later f u n c t i o n  of t h e  

p r o j e c t  

I n  geologic ope ra t ions  dur ing  which t h e  observer  i s  not  t h e  r e c o r d e r ,  

a major problem i n  sys temat ic  d e s c r i p t i o n  i s  t h e  o r a l  l a b e l i n g  of r o c k s ,  

rock u n i t s ,  f r a c t u r e s ,  f o l d s  and o the r  geologic  f e a t u r e s .  Unless an 

unequivocal system of l a b e l i n g  i s  used,  t h e  d a t a  may become mixed and 

l a t e r  r e t r i e v a l  may be impossible.  An e f f e c t i v e  d a t a  handl ing and 

a n a l y s i s  system w i l l  be sought t o  a s su re  maximum r e t u r n  of u sab le  s c i e n -  

t i f  i c  information 

F i e l d  T e s t  Operations 

I U L  C L e l l L  W c C l X a  -11 L L ~ S  Y U a L L L j  a L i u  CILLLCLL&IC.J UL IULCIIVUU LVL V U L . C C A L A L I & ~  

and recording geologic  da t a .  

i n  Appendix A as observers  and r eco rde r s  on tes t  si tes i n  n o r t h e a s t e r n  

Arizona and sou theas t e rn  Utah.. Because of t h e  l a r g e  a m o a t  of d a t a  

obta ined  and t h e  p a r t i a l l y  s u b j e c t i v e  n a t u r e  of t h e  d a t a  and t h e i r  

eva lua t ion ,  ana lyses  of t h e  t es t s  have not  been completed. 

r e p o r t  on these  tes ts  is  scheduled f o r  t r a n s m i t t a l  i n  Febr.uary. 

The tests u t i l i z e d  t h e  s u b j e c t s  d i scussed  

A s e p a r a t e  
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Geologic Mapping 

(H. H. Schmitt and G. A .  Swann) 

* 

I C  

I 
1 .  

General Statement 

The purpose of t e r r e s t r i a l  geologic mapping (see  a l s o  Low, 1957; 

McKinstry, 1948, P a r t  I) i s  t o  i l l u s t r a t e  t h e  s p a t i a l  r e l a t i o n s h i p s  of 

geologic  f e a t u r e s  t h a t  are pe r t inen t  t o  a p a r t i c u l a r  geologic  problem 

o r  group of problems. Many problems i n  geology t h a t  bear  on t h e  sequence 

and mechanisms of geo log ica l  events can be so lved  only a f t e r  symbols 

des igna t ing  t h e  s t r u c t u r a l  and s t r a t i g r a p h i c  elements have been compiled 

i n  t h e  form of a map. The t e r m  "geologic mapping" impl ies  t h a t  va r ious  

f e a t u r e s  r e l a t i n g  t o  t h e  map are descr ibed by t h e  observer  i n  some form 

of n o t e s ,  supplemented by samples and ske tches  o r  photographs of t h e  

materials descr ibed .  The f u l l  value of t h e  d e s c r i p t i o n  and sampling is 

r e a l i z e d  only when t h e  d a t a  and samples obta ined  a r e  p laced  i n  t h e  con- 

t e x t  of t h e  geometry of t h e  geologic f e a t u r e s  they  r e p r e s e n t .  

The map s c a l e ,  o r  t h e  r a t i o  of map d i s t a n c e  t o  a c t u a l  d i s t a n c e ,  i s  

p r i m a r i l y  a func t ion  of f i v e  f ac to r s :  

1. The amount of d e t a i l  requi red  f o r  t h e  p a r t i c u l a r  o b j e c t i v e s  

of t h e  i n v e s t i g a t i o n .  

2 .  The geometric complexity of t h e  geologic  u n i t s .  

3 .  The s i z e  of t h e  smallest f e a t u r e s  p e r t i n e n t  t o  t h e  

geologic  i n t e r p r e t a t i o n  of t h e  d i s t r i b u t i o n  of t h e  

u n i t s  . 
4 .  The accuracy of a v a i l a b l e  o r  ob ta inab le  surveying da ta .  

5 .  The t i m e  and manpower ava i l ab le  t o  complete t h e  i n v e s t i g a t i o n s .  
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Geologic mapping of t h e  lunar  s u r f a c e  w i l l  serve t h e  s a m e  b a s i c  

purpose as t e r r e s t r i a l  geologic  mapping, and i t s  s c a l e  w i l l  be governed 

by t h e  same f a c t o r s .  The d e l i n e a t i o n  of p a r t i c u l a r  o b j e c t i v e s  of t h e  

i n v e s t i g a t i o n s ,  t h e  complexity of geometry, and t h e  s i z e  of p e r t i n e n t  

f e a t u r e s  w i l l  be  p a r t l y  e l u c i d a t e d  by t h e  r e s u l t s  of t h e  manned and 

unmanned lunar o r b i t e r s  , t h e  unmanned exp lo ra t ion  programs, and t h e  

e a r l y  manned landings ,  A s  a r e s u l t  of our knowledge of terrestrial  

geologic  mapping, lunar  t e l e s c o p i c  mapping, t h e  s i z e s  of land  forms 

shown on the  Ranger VI1 photographs,  and t h e  r e s t r i c t i o n s  t h e  lunar  

environment imposes on man, some pre l iminary  estimates can  be made of 

t h e  map s c a l e s  t h a t  might be employed dur ing  e a r l y  lunar  e x p l o r a t i o n ,  

Any maps made dur ing  t h e  f i r s t  few Apollo missions w i l l  probably cover 

areas extending less than  500 meters from t h e  s p a c e c r a f t .  They w i l l  

of 1:500 or 1:lOOO. A t  t h e s e  scales, f e a t u r e s  as s m a l l  as 2 meters  

a c r o s s  can  b e  e a s i l y  por t rayed  on a map. 

and t h e  photographs taken from t h e  imaging system a v a i l a b l e  t o  t h e  

a s t r o n a u t  w i l l  a i d  i n  t h e  d e s c r i p t i o n  and post-mission mapping of f ea -  

t u r e s  smaller  than  2 meters. 

The a s t r o n a u t a s  d e s c r i p t i o n s  

During LEM/Shelter and mobile l abora to ry  miss ions ,  wi th  r e l a t i v e l y  

l a r g e  amounts of t i m e  and mob i l i t y  a v a i l a b l e  f o r  s u r f a c e  e x p l o r a t i o n ,  

and wi th  more knowledge concerning what observa t ions  should be p e r t i n e n t  

t o  lunar  geologic problems, geologic  maps of 1:500 t o  1:25,000 scale 

w i l l  probably be compiled t h a t  cover l a r g e  areas. More a t t e n t i o n  a l s o  

w i l l  be paid t o  d e t a i l s  t h a t  are determined t o  be important t o  t h e  
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s o l u t i o n  of s p e c i f i c  problems. 

t o g e t h e r  by reconnaissance maps obtained dur ing  t h e  veh icu la r  t r a v e r s e s  

a t  scales on t h e  order  of 1:100,000 t o  1:250,000, so  t h a t  problems 

r e l a t e d  t o  t h e  r eg iona l  d i s t r i b u t i o n  of f e a t u r e s  and materials can 

be examined. 

These d e t a i l e d  maps should be t i e d  

The two b a s i c  types  of geologic mapping, t h a t  i s ,  o n - s i t e  mapping 

and remote mapping, w i l l  be u t i l i z e d  dur ing  manned lunar  exp lo ra t ion .  

Remote , photographic and t e l e scop ic  lunar  mapping a t  a scale of 1: 1,000,000 

has  been begun by t h e  U. S.  Geological Survey, and such mapping i n  pro- 

g r e s s i v e l y  g r e a t e r  d e t a i l  w i l l  cont inue  up t o  and dur ing  manned explora-  

t i o n .  On-s i te  mapping w i l l  begin wi th  man's a r r i v a l  on t h e  s u r f a c e .  

The v a r i e t i e s  of remote geologic mapping techniques t h a t  probably 

are a p p l i c a b l e  t o  manned explora t ion  a r e  

1. Mapping on v e r t i c a l  photographs obta ined  from lunar  o r b i t e r s .  

2 .  Mapping on photographs taken from or  near  a spacec ra f t  on 

t h e  su r face .  

3 .  Mapping c o n t r o l l e d  by t h e  remote de te rmina t ion  of range 

and bear ing  . 
Severa l  gene ra l  types of o n - s i t e  mapping methods could probably be 

of u s e  dur ing  v a r i o u s  phases of manned explora t ion .  They are 

1. Mapping on v e r t i c a l  photographs obta ined  from lunar  o r b i t e r s .  

2 .  Mapping c o n t r o l l e d  by automatic t r a c k i n g  of an a s t r o n a u t  

on f o o t .  

3 .  Mapping c o n t r o l l e d  by photogramnetry us ing  photographs taken  

on t h e  luna r  su r face .  
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4 .  

5.  

Mapping c o n t r o l l e d  by manually determined range and bear ing .  

Mapping performed from a roving  v e h i c l e  and c o n t r o l l e d  by 

the  automatic  t r a c k i n g  of t h e  v e h i c l e .  

U n t i l  t he  f i n a l  base maps are obta ined ,  mission development s t u d i e s  

d i r e c t e d  toward geologic  mapping w i l l  have t o  cover a l l  r easonab le  p o s s i -  

b i l i t i e s .  However, no matter what base maps are a v a i l a b l e ,  some geo log ica l  

surveying  w i l l  b e  necessary during t h e  conduct of mapping ope ra t ions .  

I f  an  automatic range , bear ing  and v e r t i c a l  angle-measuring device  can  

be developed f o r  lunar  exp lo ra t ion ,  many of t h e  mechanical problems 

of geologica l  surveying w i l l  be solved.  I n  t h e  event  t h i s  t y p e  of 

device  is not a v a i l a b l e  o r  f a i l s  t o  ope ra t e  p rope r ly ,  o r  i f  areas not  

v i s i b l e  from t h e  LEM or  mobile l abora to ry  are t o  be explored ,  s imple,  

manual methods of l o c a t i n g  and p l o t t i n g  d a t a  p o i n t s  must be used. 

determining t h e  c h a r a c t e r  of lunar  geologic  mapping. Marked advances 

i n  spacesu i t  des ign  are be ing  made; however, u n t i l  d a t a  an t h e  micro- 

meteoroid and r a d i a t i o n  f l u x e s  on t h e  lunar  s u r f a c e  are obta ined ,  no 

d e f i n i t e  p red ic t ions  on t h e  f i n a l  des ign  and mob i l i t y  of t h e  s u i t  can 

be made. 

One ob jec t ive  of t h e  Lunar F i e l d  Geological  Methods p r o j e c t  i s  

t h e  f i e l d  t e s t i n g  of mapping techniques  t h a t  are of p o t e n t i a l  u s e  t o  

man on t h e  lunar  su r face .  The f i e l d  tests w i l l  perform t h e  fo l lowing  

func t ions :  

1. Test t h e  q u a l i t y  of methods t h a t  may be a p p l i c a b l e  t o  

determining t h e  s p a t i a l  r e l a t i o n s h i p s  of geologic  f e a t u r e s  
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c 2 .  

3 .  

4 .  

on t h e  Moon a g a i n s t  con t ro l  maps compiled by methods 

of known p rec i s ion .  

T e s t  t h e  q u a l i t y  of d e s c r i p t i v e  and sampling techniques  

a p p l i c a b l e  t o  luna r  exp lo ra t ion  a g a i n s t  techniques known 

t o  be adequate f o r  various geo log ica l  purposes on Ea r th .  

Evalua te  t h e  i n t e r p r e t i v e  r e s u l t s  ob ta ined  from p ro to type  

mapping methods wi th  those obtained by methods commonly 

used i n  terrestrial  geologic exp lo ra t ion .  

Suggest new o r  modified methods and equipment t h a t  should 

be developed and t e s t e d .  

P r e s e t  Grid Mapping 

(H. H. Schmitt and W. J. Rozema) 

The u s e  of a p r e s e t  g r i d  o r  survey net f o r  geologic  mapping dur ing  

luna r  exp lo ra t ion  i s  probably l imi t ed  i n  i t s  p o t e n t i a l  u se fu lness  t o  

rov ing  v e h i c l e  o r  mobile labora tory  exp lo ra t ion .  Unless a r a p i d  method 

f o r  s e t t i n g  out  a widely spaced g r id  is developed, t h e r e  would appear 

t o  be l i t t l e  u s e  f o r  t h i s  mapping method dur ing  e a r l y  Apollo miss ions ,  

as a p r o h i b i t i v e  amount of t i m e  i s  r e q u i r e d  f o r  a man o r  p a i r  of men t o  

l ay  out a l a r g e  mapping g r i d .  With t h e  a i d  of a v e h i c l e  and automatic 

bea r ing  and d i s t a n c e  measurement , however , a g r i d  could be e a s i l y  

e s t a b l i s h e d .  Once a g r i d  is  a v a i l a b l e ,  it provides  means of c o n t r o l l i n g  

a r e l a t i v e l y  r a p i d  method f o r  t h e  d e t a i l e d  mapping of complexly i n t e r -  

r e l a t e d  f e a t u r e s .  

F i e l d  test ope ra t ions  and resu l t s . - -A tes t  of geologic mapping 

a t  a scale of 1:1200 and con t ro l l ed  by a p r e s e t  g r i d  on a 15.2 m (50 f t . )  
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i n t e r v a l  was conducted on t h e  Moses Rock diatreme i n  sou theas t e rn  Utah. 

An area 121.8 m (400 f t . )  by 152.2 m (500 f t . )  w a s  mapped by persons 

whose t r a i n i n g  ranged from 6 semester hours  i n  classroom geology t o  

7 yea r s  i n  pos t -graduate  geo log ica l  r e sea rch ,  and whose f i e l d  exper ience  

ranged from 1.0 months t o  7 yea r s  i n  f i e l d  mapping (see Appendix A). 

The Moses Rock diatreme is  c u r r e n t l y  being i n v e s t i g a t e d  i n  d e t a i l  

by T. R. McGetchin of t h e  Branch of Astrogeology. It c o n s i s t s  of a 

composite , i r r e g u l a r  d i k e - l i k e  mass of m u l t i l i t h i c  s e r p e n t i n e  b r e c c i a  

t h a t  i n t rudes  layered  sandstones,  s i l t s t o n e s ,  and s h a l e s  of t h e  Permian 

Cu t l e r  Formation. The diatreme probably r e p r e s e n t s  a deeply exposed 

p o r t i o n  of  a vo lcan ic  neck. 

be analogous i n  many r e s p e c t s  t o  some vo lcan ic  materials o r  impact 

ejecta on t h e  lunar  su r face .  

The heterogeneous n a t u r e  of t h e  body may 

ducted on t h e  d e s c r i p t i o n  of outcrops w i t h i n  t h e  map area, s o  t h a t  each 

t e s t  subjec t  had some, but not  complete, f a m i l i a r i t y  wi th  t h e  rock u n i t s .  

The sub jec t s  were i n s t r u c t e d  t h a t  t h e r e  w a s  no t i m e  l i m i t  on t h e  test  

and t h a t  each was t o  do what he considered t o  be an adequate  job  of 

mapping t h e  geology of t h e  test area. 

t h e  f a c t  t h a t  i n  most p a r t s  of t h e  area bedrock could be exposed by 

scrap ing  away t h e  t h r e e  t o  t e n  cen t ime te r - th i ck  cover  of windblown sand. 

The maps were drawn on g r i d  paper marked i n  0.58 cm (0.2 i n . )  i n t e r v a l s ,  

A Brunton compass w a s  used f o r  measurements of p lane  o r i e n t a t i o n s .  

Each sub jec t  w a s  made aware of 

Figures  1 through 10 i n  Appendix C are cop ie s  of t h e  maps produced 

by t h e  va r ious  test s u b j e c t s  dur ing  t h e  tes t .  No e f f o r t  has been made 

. 



t o  improve t h e  q u a l i t y  of t h e  maps except t o  make them l e g i b l e .  The 

exp lana t ions  f o r  each map have been e d i t e d  f o r  c l a r i t y .  

t h e  d a t a  obta ined  by t h e  eva lua t ion  of t h e  maps. 

of each test  sub jec t  are given i n  Appendix A .  For s i m p l i c i t y ,  t h e  t o t a l  

geo log ica l  exper ience  of a test  subjec t  o u t s i d e  h i s  undergraduate  c l a s s -  

room, inc luding  undergraduate  f i e l d  mapping, i s  r e f e r r e d  t o  below as 

h i s  "experience l e v e l .  

Table 1 g ives  

The experience l e v e l s  

For t h e  eva lua t ions  of q u a l i t y  given i n  t a b l e  1, t h e  map shown i n  

t e x t  f i g u r e  1 w a s  used as t h e  con t ro l  map. The c o n t r o l  map shows most 

of t h e  d e t a i l  t h a t  could be recorded at t h e  scale employed. I n  t h e  

eva lua t ion  of t h e  q u a l i t y  of t h e  test maps, any d a t a  on a test  map 

t h a t  w a s  no t  on t h e  c o n t r o l  map was assumed t o  be c o r r e c t .  Table  2 

g ives  t h e  d e t a i l s  on t h e  c o n t r o l  map t h a t  are of probable  pe r t inence  

i n  determining t h e  o r i g i n s  of t h e  rocks  in t h e  area. 

Text f i g u r e  2 i s  a s c a t t e r  diagram showing t h e  c o r r e l a t i o n  between 

geologic  u n i t  areas de l inea ted  on t h e  t es t  maps and mapping t i m e ,  and 

t h e  c o r r e l a t i o n  between t h e  t o t a l  number of p o t e n t i a l l y  u s e f u l  d e t a i l s  

mapped by each tes t  sub jec t  (number of areas de l inea ted  p l u s  number of 

o r i e n t a t i o n  measurements) and mapping t i m e .  Linear  c o r r e l a t i o n  c o e f f i -  

c i e n t s  have been c a l c u l a t e d  f o r  those d a t a  p o i n t s  i n  f i g u r e  1 which 

r ep resen t  test  s u b j e c t s  wi th  experience levels of less than  6 . 6  months. 

For t h e  c o r r e l a t i o n  between u n i t  a reas  de l inea ted  and mapping t i m e ,  t h e  

c o e f f i c i e n t  i s  0.46, and f o r  t h e  c o r r e l a t i o n  between t o t a l  d e t a i l s  map- 

ped and mapping t i m e ,  t h e  c o e f f i c i e n t  i s  0.56. The va lues  suggest  very 

l i t t l e  c o r r e l a t i o n  between mapping t i m e  and q u a n t i t y  of d e t a i l .  However , 
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Table 1. --Preset  g r i d  mapping (1:1200 scale) 

Data obtained from preset g r i d  mapping test (15.2 m i n t e r v a l ) .  T e s t  
maps are given i n  Appendix C .  
t h e  e v a l u a t i o n  of q u a l i t y .  

- _  - 

Figure 1 i s  t h e  c o n t r o l  map used f o r  
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Table 2 .  --Preset gr id  mapping (1: 1200 s c a l e )  

Map d e t a i l s  on con t ro l  map ( t ex t  f i g u r e  1) t h a t  are of probable  
pe r t inence  t o  t h e  determinat ion of t h e  o r i g i n s  of t h e  rocks  i n  t h e  area. 

1. 

2 .  

3 .  

4 .  

5. 

6 .  

7 .  

8. 

9 .  

10. 

11. 

12. 

13 .  

14. 

15. 

16. 

17 .  

18. 

19.  

Layered n a t u r e  of rocks  surrounding combined b recc ia  u n i t s  (gb, r b ,  
xb, x rb  and gby of c o n t r o l  map). 

Wide v a r i e t y  of rock u n i t s  i n  rock surrounding combined b recc ia  u n i t .  

Determination of s t r a t i g r a p h i c  sequence i n  layered  rocks  surrounding 
b recc ia  u n i t .  

Combined b r e c c i a  u n i t  c ross -cu ts  layered  rocks.  

Layered u n i t s  can be co r re l a t ed  ac ross  b recc ia  u n i t .  

Unit r b  i n  combined b recc ia  un i t  con ta ins  fragments of t h e  surround- 
ing  rock u n i t s .  

I n  t h e  no r the rn  po r t ion  of the map a r e a ,  a l a r g e  fragment composed 
i n  p a r t  of sl i s  overturned. 

D i s t i n c t i o n  of more than  one breccia u n i t .  

D i s t inc t ion  of xb,  x rb ,  or  gby as d i s t i n c t  b recc ia  u n i t s .  

Dike- l ike cha rac t e r  of brecc ia  u n i t  composed of xb and r b  i n  western 
po r t ion  of map area. 

Presence of r b  between xb and rocks surrounding t h e  d ike  of xb 
and r b .  

Unit xb l enses  out a t  bend i n  d ike  of xb and rb .  

The apparent  movement of t h e  west wa l l  of t h e  d ike  of xb and r b  
i s  r i g h t  l a t e ra l .  

The apparent  movement of t h e  e a s t  w a l l  of t h e  d ike  of xb and r b  
i s  l e f t  l a te ra l .  

The w e s t  w a l l  of t h e  d ike  of xb and r b  has a measurable,  nea r ly  
vert i c a l  o r  i e n t a t  ion.  

The s u r f a c e  t r a c e  of t h e  d ike  of xb and r b  i s  e s s e n t i a l l y  inde-  
pendent of topography. 

A set  of f r a c t u r e s  wi th  grey-green w a l l s  i n  otherwise r e d  brown 
rocks  s u b p a r a l l e l s  t h e  d ike  of xb and r b .  

Unit gby fo l lows  t h e  e a s t e r n  contact  of t h e  combined b r e c c i a  u n i t .  

A s m a l l  f a u l t  can be de l inea ted  i n  t h e  northwestern p o r t i o n  of 
t h e  map area. 
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Explanation f o r  F igure  1 

I .  

I .  

Uni t s  

sa 

x s  a 

ra  

rs 

- 

mm 

m s  

€9 

r m  

sl 

m l  

m l c  

P I S  

gb 
r b  

xb 

x rb  

gby 

S ymb o 1 s 

l i g h t  r ed  brown, sandy aluvium 

sa wi th  pebble  t o  cobble  s i z e  x e n o l i t h  fragments 

road f i l l  o r  bank 

moderate red-brown, ca lcareous  sandstone 

moderate maroon, l i g h t  green-gray, and moderate red-brown 
ca lcareous  mudstones and s i l t s t o n e s  

moderate maroon t o  red-brown sandstones and s i l t s t o n e s  

l i g h t  green-gray mudstone t o  s i l t  s t  one 

moderate red-brown mudstone, sandstone and s i l t s t o n e ,  
t h i n l y  interbedded 

l i g h t  red-brown sandy limestone o r  limey sandstone. 
Lower few inches l i g h t  green-gray 

moderate maroon limestone t h a t  weathers  l i g h t  greenish  brown 

m l  conglomerate 

p ink ,  t h i c k l y  bedded, s i l t y  t o  c layey  l imestone or  s i l t y  
ca lcareous  c l ays tone  

green micro-breccia  wi th  pebble s i z e  z e n o l i t h s  

boulder s i z e d  fragments of sa and m s  i n  mat r ix  of gb 

green micro-breccia  with pebble t o  cobble  s i z e  xeno l i th s  

r b  wi th  pebble t o  cobble  s i z e  xeno l i th s  

yellow-green gb 

unp lo t t ed  d i p  and s t r i k e  of l a y e r i n g  

unp lo t t ed ,  approximate dip and s t r i k e  of l aye r ing  

unp lo t t ed  d i p  and s t r i k e  of l aye r ing  showing tops  

unp lo t t ed  d i p  and s t r i k e  of j o i n t s  

u n p l o t t e d ,  approximate d ip  and s t r i k e  of j o i n t s  

unp lo t t ed ,  d i p  and s t r i k e  of j o i n t  wi th  l i g h t  green-gray w a l l s  

unp lo t t ed ,  approximate d ip  and s t r i k e  of o r i e n t e d  x e n o l i t h s  

course  of i n t e r m i t t e n t  stream 
c o n t a c t ,  observed wi th in  3 f e e t  
approximate o r  i n f e r r e d  c o n t a c t ,  quer ied  where probable  
concealed c o n t a c t ,  quer ied where probable  
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EXPLAN A T  ION 
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Total of potentially useful details mapped, 
including geologic unit areas, layer orieiitat- 
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Letter by point designates test subject (see 
Appendix A). Number indicates number of 
months field and classroom experience in 
excess of 6. 5 months. 
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F igure  2.--Geologic mapping c o n t r o l l e d  by p r e s e t  g r i d  (1:1200 s c a l e ) .  
Scatter diagram showing c o r r e l a t i o n  between t h e  q u a n t i t y  
of map d e t a i l  and mapping t i m e .  



I *  

when c o e f f i c i e n t s  are c a l c u l a t e d  SO t h a t  sub jec t  L i s  excluded, they  

i n c r e a s e  t o  0.87 and 0.95, r e spec t ive ly .  

t i o n a l l y  e f f i c i e n t  a t  t h e  mechanical opera t ions  of mapping, it w i l l  be  

noted below t h a t  t h e  q u a l i t y  of h i s  mapping i s  commensurate wi th  h i s  

experience l e v e l  of 1.0 months. 

Although s u b j e c t  L w a s  excep- 

F igure  3 i s  a s c a t t e r  diagram showing t h e  o v e r a l l  mapping q u a l i t y  

of t h e  tes t  maps, t h a t  i s ,  t h e  c o r r e l a t i o n  between mapping t i m e  and t h e  

r a t i o  of p o t e n t i a l l y  u s e f u l  d e t a i l s  mapped c o r r e c t l y  t o  t h e  t o t a l  number 

of d e t a i l s  mapped. For test  sub jec t s  wi th  exper ience  levels of less 

t h a n  6.6 months, t h e  l i n e a r  c o r r e l a t i o n  c o e f f i c i e n t  f o r  c o r r e l a t i o n  

between q u a l i t y  and mapping t i m e  i s  0.66, sugges t ing  a s l i g h t l y  b e t t e r  

c o r r e l a t i o n  between experience l eve l  and q u a l i t y  per  u n i t  t i m e ,  t han  

between experience l e v e l  and quan t i ty  per  u n i t  t i m e .  

The c o r r e l a t i o n  between number of p e r t i n e n t  de ta i l s  mqped  by t h e  

t e s t  s u b j e c t s  and mapping t i m e  i s  shown as a s c a t t e r  diagram i n  f i g u r e  

4 .  For test s u b j e c t s  with experience levels of less than  6.6 months, 

t h e  l i n e a r  c o r r e l a t i o n  c o e f f i c i e n t  f o r  t h i s  c o r r e l a t i o n  i s  0.67. This  

v a l u e ,  a l though low, sugges ts  t h a t  f o r  a given experience l e v e l  t h e  

pe r t inency  of mapping may be  a func t ion  of t ime ,  as might be expected. 

F igu re  4 ,  as w e l l  as f i g u r e s  2 and 3 ,  i n d i c a t e s  t h a t  both t h e  q u a n t i t y  

of d e t a i l s  mapped and t h e  q u a l i t y  of t h e  mapping per  given mapping t i m e  

i s  much g r e a t e r  f o r  tes t  s u b j e c t s  wi th  experience levels g r e a t e r  t han  

6.6 months than  f o r  o the r  test  subjec ts .  

Conclusions.--I t  should be recognized t h a t  t h e  eva lua t ion  of t h e  

q u a l i t y  of va r ious  observa t ions  i s  i n  p a r t  s u b j e c t i v e ,  a s  t h e  c o n t r o l  
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Figure 3.--Geologic mapping c o n t r o l l e d  by p r e s e t  g r i d  (1:1200 scale). 
S c a t t e r  diagram showing c o r r e l a t i o n  between t h e  q u a l i t y  
of map d e t a i l  and mapping t i m e .  

201 J(85.5) 
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/ kE Letter by point designates test 
0 subject (see Appendix A). 

Number indicates number of 
months experience in excess 
of 6. 5 months. 
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Figure 4.--Geologic mapping c o n t r o l l e d  by p r e s e t  g r i d  (1:1200 scale). 
S c a t t e r  diagram showing t h e  per t inency  of mapping as a 
func t ion  of mapping t i m e  ( r e f e r  t o  t a b l e  2 f o r  l i s t i n g  
of p e r t i n e n t  d e t a i l s  i n  t es t  area). 

. I  

32 



map is  based on p a r t i a l l y  sub jec t ive  i n t e r p r e t a t i o n s ,  r e s u l t i n g  from 

t h e  incomplete exposure of bedrock. With t h i s  l i m i t a t i o n  i n  mind, 

s e v e r a l  genera l  conclus ions  can be based on t h e  d i s t r i b u t i o n  of d a t a  

p o i n t s  i n  f i g u r e s  2 ,  3 ,  and 4 .  

1. For an experience l e v e l  of less than  about s i x  months, 

f i g u r e  2 i n d i c a t e s  t h a t  the  number of p o t e n t i a l l y  u s e f u l  

observa t ions  obtained increases  roughly l i n e a r l y  wi th  

t i m e  ( l i n e a r  c o r r e l a t i o n  c o e f f i c i e n t s  of 0.87 and 0.95, 

neg lec t ing  po in t  f o r  subjec t  L) .  

Although t h e  d a t a  do n o t  warrant  any p r e c i s e  q u a n t i t a t i v e  

eva lua t ion ,  f i g u r e  2 also i n d i c a t e s  t h a t  t es t  s u b j e c t s  

having t h e  r e l a t i v e l y  high exper ience  levels obtained 

roughly t w i c e  as many p o t e n t i a l l y  u s e f u l  observa t ions  

during a given t i m e  a s  were obtained by personnel  wi th  

experience of less than  6.6 months. 

2.  

3 .  Figure  3 shows t h a t  t h e  qua l i t y  of observa t ions  is  

s i g n i f i c a n t l y  g r e a t e r  fo r  experience levels of more 

than  about s ix  months than f o r  exper ience  l e v e l s  less 

than  t h i s  f i g u r e .  T h e  v a r i a b i l i t y  of q u a l i t y  among 

t h e  tes t  s u b j e c t s  wi th  similar exper ience  l e v e l s  i s  

probably a r e f l e c t i o n  of t h e  v a r i a t i o n  i n  o v e r a l l  a b i -  

l i t y ,  types  of experience,  t h e  p a r t i a l l y  s u b j e c t i v e  

n a t u r e  of t h e  eva lua t ion  and mot iva t ion  on t h e  day of 

t h e  test .  

4 .  Figure  4 i n d i c a t e s  t h a t  f o r  a l l  test  s u b j e c t s  except  

sub jec t  K and J ,  t h e  mapping of p e r t i n e n t  d e t a i l s  
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increases  roughly l i n e a r l y  with t i m e  ( l i n e a r  c o r r e l a t i o n  

c o e f f i c i e n t  of 0.67).  Subject  K had had previous exper-  

ience mapping i n  t h e  v i c i n i t y  of t h e  map area and s u b j e c t  

J ’ s  map was  used t o  eva lua te  t h e  o t h e r s .  

The r e s u l t s  of t h e  test suggest t h e  need f o r  a t  least  s i x  months of 

a s t ronau t  t r a i n i n g  i n  geologic  mapping i n  a d d i t i o n  t o  f i e l d  t r i p s  and 

classroom work i n  geology. 

t r a i n e d  as t ronaut  decides  t o  so lve  a p a r t i c u l a r  set of problems by t h e  

d e t a i l e d  mapping of an unfami l ia r  lunar  area of t h e  approximate s i z e  

and complexity of t h e  test  area, he must a l l o t  no less than  s i x  man- 

hours i f  he is  t o  o b t a i n  enough p e r t i n e n t  d e t a i l s  t o  c l o s e l y  determine 

t h e  geologic h i s t o r y  of t h e  rocks.  

The t e s t  a l s o  sugges ts  t h a t  i f  a geo log ica l ly  

A s  a s i d e  l i n h t  t o  t h e  t e s t ,  t h e  d e t a i l  shown i n  t e x t  f i g u r e  1 

dus t  l a y e r  need not  i n t e r f e r e  wi th  mapping bedrock geology i f  t h e  l a y e r  

i s  not  t o o  t h i c k  t o  scrape  away a t  s e l e c t e d  l o c a l i t i e s .  The dus t  l a y e r  

i n  t h e  t es t  a r e a  was 3 t o  10 cm t h i c k  i n  most low areas. The examtna- 

t i o n  of bedrock could be accomplished by scrap ing  wi th  a gealogist’s 

p ick ,  Because of t h e  p o s s i b l e  r e s t r i c t i o n s  on bending or kneel ing  i n  

a spacesu i t ,  a sc rape r  on t h e  end of a surveying s t a f f  may be more use-  

f u l  f o r  t h i s  purpose than  a p i ck  on t h e  lunar  su r face .  By a d j u s t i n g  

i t s  o r i e n t a t i o n ,  such a scraper  could a l s o  be used as a sample sceop. 
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Traverse Mapping 

(G. A. Swann and H. H. Schmitt)  

It is  very  l i k e l y  t h a t  some form of geologic  t r a v e r s e  mapping w i l l  

Basi be employed by t h e  a s t r o n a u t s  during p a r t  of every lunar  mission.  

c a l l y ,  geologic  t r a v e r s e  mapping means t h a t  a man on foot  occupies ,  

surveys,  d e s c r i b e s ,  and samples successive p o i n t s  a long an  i r r e g u l a r  

and only p a r t i a l l y  planned path.  The r e s u l t s  of a f i e l d  tes t  of one 

type  of p o t e n t i a l l y  u s e f u l  t r a v e r s e  mapping f o r  lunar  exp lo ra t ion  are 

r epor t ed  below. 

F i e l d  test ope ra t ions  and r e s u l t s . - - A  f i e l d  tes t  of one hour and 

50 minutes du ra t ion  and involving simple surveying d e s c r i p t i o n  and 

sampling procedures ,  w a s  c a r r i e d  o u t  i n  t h e  Buttes  a rea  of t h e  Navajo 

Ind ian  Reservat ion i n  no r theas t e rn  Arizona. The tes t  w a s  conducted on 

some of t h e  vo lcan ic  rocks  of a diatreme of P l iocene  age n o r t h  of t h e  

Castle Butte  t r a d i n g  p o s t .  The topographic r e l i e f  i s  moderate i n  t h e  

p a r t  of t h e  diatreme t e s t e d ,  and t h e  area t e s t e d  could probably be 

nego t i a t ed  by a man i n  t h e  Apollo developmental spacesu i t  used i n  t h e  

August 1964 tests a t  Bend, Oregon. The weather dur ing  t h e  test  w a s  

poor ,  and t h e  accu rac i e s  of some of t h e  measurements could  undoubtedly 

have been improved wi th  b e t t e r  l i g h t i n g  condi t ions .  

The fol lowing p i eces  of equipment were u t i l i z e d  i n  t h e  tests: 

1. Surveying s t a f f  with v e r t i c a l l y  mounted, o p t i c a l  range 

f i n d e r  (20 cm base) .  

2. 35 mm f i l m  camera mounted on t h e  surveying s t a f f  so  t h a t  

o p t i c  a x i s  i s  perpendicular  t o  s t a f f  and p a r a l l e l  t o  

o p t i c  axes of range f inder .  
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3 .  

4 .  Sample apron. 

5. Prenumbered sample bags. 

6.  Geo log i s t ' s  p ick .  

7 .  1OX hand l ens .  

8. 

9. Tape recorder .  

10. Measuring scale. 

Open-sight a l i d a d e  on a t r i p o d  mounted p lane  t a b l e .  

Two p o r t a b l e ,  2-way, hand keyed r ad ios .  

During t h e  t e s t ,  each traverse s t a t i o n  was  surveyed us ing  t h e  

The open-sight a l i d a d e  o p t i c a l  range f i n d e r  and open-sight a l idade .  

w a s  used only on a p lane  t a b l e  a t  t h e  base  s t a t i o n ;  however, t h e  range 

f i n d e r  was  operated both from t h e  surveying s t a f f  and fram t h e  base  

s t a t i o n .  L i t t l e  d i f f e r e n c e  w a s  noted between t h e  two methods of range 

base s t a t i o n  t h e  observer  spent  less t i m e  a t  a given s t a t i o n .  

Each surveyed traverse s t a t i o n  w a s  f lagged dur ing  t h e  tes t  and then  

resurveyed a f t e r  t h e  test us ing  a t e l e s c o p i c  a l idade ,  p lane  t a b l e  and 

s t a d i a  rod. A comparison of t h e  test survey ne t  wi th  t h a t  cb ta ined  

from t h e  convent ional  methods i s  shown i n  f i g u r e  5. 

During t h e  t e s t ,  t h e  geo log ica l  d e s c r i p t i o n s  and surveying d a t a  

w e r e  t ransmi t ted  by r a d i o  t o  t h e  base  s t a t i o n  and a p l o t  of t h e  geology 

was made immediately fol lowing t h e  t ransmiss ion .  The map produced is 

shown i n  f i g u r e  6.  A c o n t r o l  geologic  map w a s  compiled a f t e r  t h e  tes t  

us ing  t h e  c o n t r o l  survey n e t  ( f i g u r e  5) and any a d d i t i o n a l  survey 

p o i n t s  t h a t  w e r e  deemed necessary t o  po r t r ay  t h e  geology of t h e  test 
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8 3  
N 

A 
Ex pl a n a t i on 

A I’lanc table station. 

0 Station located w i t h  open sight alidade 

and optical range finder. 

0 Station located w i t h  telescopic alidade. 
and stadia rod. 

--Control n e t s  for geologic  maps in f igure  6 and 7 .  Stat ions  
f i r s t  es tabl i shed with open sight al idade and 20 c m  ( 7 . 8  
in )  base opt i ca l  range f inder , then resurveyed w i t h  te le -  
scopic al idade and s tadia  rod.  
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s i t e  a t  t h e  s c a l e  employed. This  c o n t r o l  geologic  map is  shown i n  

f i g u r e  7 .  

A l l  of t h e  equipment used i n  t h e  t e s t ,  i n  concept i f  not  i n  des ign ,  

The o p t i -  p o t e n t i a l l y  could be used on t h e  lunar  s u r f a c e  o r  i n  t h e  LEM. 

c a l  range f inde r  could be used e i t h e r  by t h e  s u r f a c e  a s t ronau t  o r  from 

t h e  L m .  

mounted next  t o  t h e  range f i n d e r  on t h e  surveying s t a f f  so  t h a t  t h e  range 

t o  p o i n t s  i n  t h e  image can be determined. 

later t o  r e f i n e  t h e  d e t a i l  around a survey p o i n t .  The open-sight  a l i d a d e  

and p lane  t a b l e  combination could be used from w i t h i n  t h e  LEM, provided 

t h e  s u r f a c e  a s t ronau t  s tayed  w i t h i n  view of t h e  LEM windows. The p r i n -  

c i p l e s  of a l l  t h e s e  surveying instruments  could be incorpora ted  i n t o  

an exn lo ra t ion  oeriscoDe without  any bas i c  change i n  ope ra t ing  procedure,  

The imaging system employed during t h e  test  w a s  a f i l m  camera, 

The photographs can be used 

The geologica l  d e s c r i p t i o n s  and surveying d a t a  t r a n s m i t t e d  t o  t h e  

base s t a t i o n  were recorded on a s m a l l  p o r t a b l e  t a p e  r eco rde r ,  and were 

monitored by t h e  p l ane  t a b l e  opera tor  a t  t h e  base s t a t i o n .  A t  t h e  end 

of each d e s c r i p t i o n ,  t h e  p lane  t a b l e  opera tor  helped improve r h e  t r a n s -  

mi t t ed  map de ta i l s  by supplemental  ques t ions .  Although f e a s i b l e  in 

concept f o r  lunar  work, t h e  use  of s t anda rd ,  hand keyed 2-way r a d i o s  

and a l imi ted  c a p a b i l i t y  r eco rde r  caused cons ide rab le  de lay  and incon- 

venience during t h e  t es t ,  

should be a v a i l a b l e  f o r  f u t u r e  tes ts .  

A more s u i t a b l e  r a d i o  and record ing  system 

Samples a long t h e  t r a v e r s e s  were obta ined  wi th  a g e o l o g i s t ' s  

p ick .  They were c o l l e c t e d  i n  prenumbered sample bags and c a r r i e d  
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A 

Figure 6.--Geologic test map far traverse mapping. Distribution of Figure 7.--Geologic COntrOl map for t e s t  map shown in f igure  6. Location 
u n i t s  compiled from data transmitted by two-way radio during 
t e s t .  Location of data points based on open-sight alidade- net shown in figure 1 .  
opt ica l  range finder survey net shown in figure 5 .  

of data points based on te lescopic  alidade-stadia rod survey 
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i n  a c a r p e n t e r ' s  n a i l  apron. 

about one kg and averaging approximately four  c m  i n  diameter were 

c o l l e c t e d  during t h e  one hour and 50 minute test mission.  

examination of t h e s e  samples sugges ts  t h a t  t h e  sample s i z e  and number 

i s  adequate fo r  most s c i e n t  i f  i c  purposes. 

Fourteen samples weighing a t o t a l  of 

Prel iminary 

The f i lm  camera w a s  employed t o  t a k e  black-and-white photographs 

of t h e  geologica l  f e a t u r e s  a t  each traverse s t a t i o n .  

p a i r  of h o r i z o n t a l ,  p a r a l l e l  a x i s ,  co lo r  s tereo-photographs of t h e  map 

area were taken on se l f -deve loping  f i lm.  These photographs and analy-  

t i c a l  d a t a  from t h e  samples w i l l  be  used i n  f u t u r e  work t o  improve t h e  

q u a l i t y  of t h e  t e s t  map. 

I n  a d d i t i o n ,  a 

Conclusions.--The f i e l d  test  of t h i s  p a r t i c u l a r  type  of t r a v e r s e  

mamine. although l imi t ed  i n  scope, allowed t h e  fol lowing conclus ions  

1. The 20 cm base (7.5 i n )  base o p t i c a l  range  f i n d e r  i s  

adequate f o r  most geologic  mapping purposes t o  a d i s -  

tance of about 60 m (200 f t ) .  

The 20 cm base  o p t i c a l  range f i n d e r  i s  a u s e f u l  a i d  to 

sketch mapping t o  d i s t ances  of a t  least  120 m (400 E t ) .  

2. 

3. The above maximum d i s t ances  may be increased  wi th  

b e t t e r  l i g h t i n g  cond i t ions .  

A 20 c m  base o p t i c a l  range f i n d e r  would be u s e f u l  f o r  

d e t a i l e d  geologic  mapping i n  an  area where a c o n t r o l  

ne t  w a s  p rev ious ly  e s t a b l i s h e d  on a maximum of about 

85 m (280 f t )  c e n t e r s .  

4 .  
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5. R e l a t i v e  bear ings  determined by open s i g h t  a l i d a d e  are 

accura t e  enough f o r  most geologic  mapping purposes t o  

d i s t a n c e s  of a t  least 1 2 0  m (400 f t ) .  

The p l o t t i n g  of t h e  geology of an  area dur ing  a miss ion ,  

even i n  rough form, a i d s  i n  e f f e c t i v e l y  d i r e c t i n g  a 

mapping oper a t  ion.  

Even i f  ranging on t h e  sur face  a s t r o n a u t ' s  p o s i t i o n  is  

performed from t h e  LEM, e i t h e r  manually o r  au tomat i ca l ly ,  

t h e  s u r f a c e  a s t ronau t  should have a ranging instrument 

on t h e  surveying s t a f f  s o  t h a t  p o i n t s  hidden from t h e  

base  s t a t i o n  can  be surveyed. 

6 .  

7. 

Future  operat ions.--The f i e l d  tests i n d i c a t e  t h a t  t h e  fo l lowing  

a d d i t i o n a l  v a r i a t i o n s  of traverse geologic  mapping should be inves t iga t ed :  

1. S u b s t i t u t e  t h e  use  of a sun compass on t h e  surveying 

s t a f f  f o r  t h e  open s i g h t  a l idade  i n  t h e  de te rmina t ion  

of bear ing .  

2.  T e s t  t h e  use  of a sun compass i n  combination wi th  a s t a f f  

mounted range  f i n d e r  o r  por tab le  t e l e s c o p i c  a l i d a d e  i n  an 

area covered by a survey n e t  on c e n t e r s  commensurate with 

t h e  ranging  instrument employed. 

3 .  I f  2 ,  above, proves f e a s i b l e ,  develop methods a p p l i c a b l e  

t o  lunar  geologic  mapping f o r  t h e  es tab l i shment  of a s u i t a b l e  

c o n t r o l  n e t  such as t e l e scop ic  ranging ,  e l e c t r o n i c  ranging ,  

and photogrammetric ranging . 
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4 .  Test t h e  f e a s i b i l i t y  of f u l l y  automated surveying 

during t r a v e r s e  mapping and develop procedures  f o r  

f u l l y  u t i l i z i n g  such a method. 



Geologic Sec t ion  Measuring 

(G. A .  Swann, P. T .  Barosh and W. J .  Rozema) 

General Statement 

The geologic  express ion  "measuring a sec t ion ' '  u s u a l l y  impl ies  t h a t  

t h e  th i ckness  of i nd iv idua l  u n i t s  of a sequence of s t r a t i f i e d  rocks  are 

measured and t h e  u n i t s  descr ibed ,  sampled, and checked f o r  l o c a l  v a r i a -  

t i o n s  i n  d i r e c t i o n s  p a r a l l e l  t o  t h e  u n i t  con tac t s .  There are,  add i t ion -  

a l l y ,  some techniques by which the  th i ckness  of t h e  s e c t i o n  i s  measured 

and t h e  rocks are descr ibed  from a remote p o s i t i o n  on t h e  b a s i s  of t h e i r  

s u r f a c i a l  c h a r a c t e r i s t i c s .  The ind iv idua l  opera t  ions  involved i n  sec- 

t i o n  measuring, t h a t  i s ,  measuring, desc r ib ing ,  and sampling, a r e  bas i c  

t o  d e t a i l e d  geo log ica l  explora t ion .  

Sec t ion  measuring techniques can be appl ied  t o  any type  of s t r a t i -  

f i e d  rocks.  On t h e  Moon such techniques may be u s e f u l  i n  s tudying and 

desc r ib ing  i n t e r l a y e r e d  vo lcan ic  flows, ash o r  c inde r  d e p o s i t s ,  impact 

ejecta b lanke t s ,  and lunar  " s o i l  p r o f i l e s , "  so t h a t  c o r r e l a t i o n  of rock 

u n i t s  can be made w i t h i n  and between landing si tes.  Lunar s e c t i o n s  of 

t h i s  n a t u r e  may be  exposed i n  t h e  w a l l s  of l a r g e  impact c r a t e r s  and in  

areas of f a u l t i n g  and o the r  t ec ton ic  a c t i v i t y .  

During pre l iminary  reconnaissance of an area t o  be geo log ica l ly  

mapped, s e c t i o n  measuring w i l l  o f ten  h e l p  t o  f a m i l i a r i z e  t h e  worker 

w i th  t h e  rocks  of t h e  area. I t  may h e l p  t o  determine t h e  scale and 

d e t a i l  necessary f o r  geologic  mapping i n  t h e  area,  and, i n  p a r t i c u l a r ,  

he lp  i n  t h e  s e l e c t i o n  of mappable u n i t s .  The informat ion  gained from 

measuring a s t r a t i g r a p h i c  s e c t i o n  may s e r v e  t o  c o r r e l a t e  u n i t s  w i th in  

- 43 - 



t h i s  s ec t ion  wi th  those  i n  another  s e c t i o n  s i t u a t e d  anywhere from a 

few hundred f e e t  t o  hundreds of m i l e s  away. This  in format ion  a l s o  

s u p p l i e s  a b a s i s  f o r  determining t h e  n a t u r e  of t h e  s t r u c t u r e  of de- 

formed s t r a t a  t h a t  inc ludes  u n i t s  of a previous ly  measured s e c t i o n .  

The c h a r a c t e r i s t i c s  of t h e  rock u n i t s ,  inc luding  v a r i a t i o n s  p a r a l l e l  

and perpendicular  ta t h e  u n i t  c o n t a c t s ,  a i d  t h e  geo log i s t  i n  i n t e r -  

p r e t i n g  the  o r i g i n  and h i s t o r y  of t h e  u n i t s .  

A s t r a t i g r a p h i c  s e c t i o n  can be measured, descr ibed ,  and sampled 

wi th  v i r t u a l l y  any ammnt of d e t a i l  and accuracy,  depending upcin t h e  

purpose of t h e  work. For geologic  reconnaissance,  estimates or rough 

measurements of t h i cknesses ,  t h e  d i v i s i o n  of t h e  s e c t i o n  i n t o  coa r se  

u n i t s ,  b r i e f  dese r rp t fdns ,  and a few samples may s k f f i c e  f c r  approxi-  

mate c o r r e l a t i o n s  and c e r t a i n  gene t i c  i n t e r p r e t a t i o n s  However a 

may r e q u i r e  much g r e a t e r  d e t a i l  and accuracy,  and t h e  d i v i s i o n  of r h e  

s e c t i o n  i n t o  very t h i n  u n i t s .  

Common methods used i n  s e c t i o n  measuring on Earth inc lude  d i r e c t  

measurement o€ t h e  u n i t s  with Jacob 's  s t a f f  (an a d j e s r a b l e  s t a f f  w i th  

an a t tached  hand level)$ cha in  and hand level ,  or  p lane  t a b l e  and 

t e l e scop ic  a l idade .  

ed.  I n d i r e c t  measurements and estimates of rock types  a r e  e,,rmnonly made 

by photogrammetric methods on aer ia l  photographs. T h e  meth d picked 

depends upon t h e  a t t i t u d e  of t h e  l a y e r s ,  topography, and d e s i r e d  accur-  

acy and d e t a i l .  Aids t o  d e s c r i p t i o n ,  such as a hand l e n s ,  a s tandard  

c o l o r  c h a r t ,  and a d e s c r i p t i o n  guide,  are commonly used. 

Combinations of t h e s e  methods are c o m . ~ i l y  emFlc,y- 
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Any of t h e  above methods m i g h t  be a p p l i c a b l e  t o  lunar  exp lo ra t ion .  

I n  gen t ly  dipping s t ra ta  exposed on moderately s t e e p  s l o p e s ,  t h e  Jacob ' s  

s t a f f ,  t h e  lunar  surveying s ta f f  and hand level,  o r  ho r i zon ta l - ax i s  

s tereo-photography would probably be most app l i cab le  f o r  t h e  measuring 

of a s e c t i o n .  I n  moderately t o  s teeply  dipping s t r a t a  on r e l a t i v e l y  

f l a t  t e r r a n e ,  t h e  u s e  of a surveyed traverse wi th  t h e  de te rmina t ion  of 

u n i t  con tac t  p o s i t i o n s  and o r i e n t a t i o n s  might be requi red .  A s  wi th  

most geologic  f i e l d  work, t h e  complexity,  amount of exposure,  and l o c a l  

topography a f f e c t  t h e  methods used and amount of d e t a i l  r equ i r ed ;  even 

t h e  purpose of t h e  s tudy  may be p a r t i a l l y  c o n t r o l l e d  by t h e s e  f a c t o r s ,  

F i e l d  Test Operations 

F i e l d  tests on s e c t i o n  measuring have been conducted near t h e  

Castle Butte  Trading Post i n  t h e  Buttes Area of t h e  Navajo Indian  

Reservat ion.  The tests involved seve ra l  methods and types  of equip- 

ment, which i n  concept ,  i f  not i n  des ign ,  could conceivably be used 

dur ing  lunar  exp lo ra t ion ,  Geologic c o n t r o l  f o r  t h e  eva lua t ion  of t h e  

tes ts  was e s t a b l i s h e d  by s tandard  methods of known use fu lness  and pre-  

c i s i o n .  The tes ts  w e r e  designed t o  provide d a t a  on t h e  t i m e ,  q u a l i t y ,  

and q u a n t i t y  of t h e  opera t ions  involved i n  s e c t i o n  measuring t h a t  may 

be r equ i r ed  as p a r t s  of p o s s i b l e  lunar  s c i e n t i f i c  missions tests. 

The fol lowing gene ra l  ope ra t ions  were t e s t e d :  

1. Remote d e s c r i p t i o n  as  compared wi th  o n - s i t e  d e s c r i p t i o n .  

2 ,  Sect ion  d e s c r i p t i o n  and i n t e r p r e t a t i o n  us ing  photographic 

techniques.  
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3 .  

4.  

5. 

Descript ion under some p o s s i b l e  miss ion  c o n s t r a i n t s  as 

compared wi th  s tandard  methods. 

Se lec t ive  sampling as compared wi th  p rogramed  sampling. 

Remote o r  i n d i r e c t  measuring techniques  involv ing  photo- 

graphic measuring and v i s u a l  t h i ckness  e s t ima t ion  as 

compared with o n - s i t e  measuring techniques ,  

The d a t a  gained dur ing  t h e  measurement of a c o n t r o l  s e c t i o n  f o r  t h e  

eva lua t ion  of t h e  t es t  d a t a  a l s o  provided necessary d a t a  on rocks 

exposed i n  t h i s  and o t h e r  p o t e n t i a l  s i tes f o r  mission tests. 

The f i e l d  tests were conducted on a w e l l  exposed sequence of f l a t -  

l y ing  sedimentary u n i t s  comprising p a r t s  of t h e  Triassic Wingate and 

Chin le  Formations, and t h e  P l iocene  Bidahochi Formati.on. The expasures  

are present  on t h e  s i d e s  of a m e s a ,  one m i l e  east of French B u t t e .  

of t h e  methods could be compared and eva lua ted  i n  t e r m s  of t i m e  spent  

versus  informatian and accuracy obtained.  

The t e s t ,  or lunar  pro to type ,  methods were c a r r i e d  orit by geolo- 

g i s t s  who were unfami l i a r  wi th  t h e  l o c a l  area, i n  order  t~ e l i m i n a t e  

as much b ias  as p o s s i b l e  from d e s c r i p t i o n s  and i n t e r p r e t a t i o n s .  The 

c o n t r o l  geology w a s  ob ta ined  by g e o l o g i s t s  wi th  roughly t h e  same t r a i n -  

i n g  and experience as t h a t  of t h e  g e o l o g i s t s  performing t h e  L n a r  

p ro to type  opera t ions .  The d a t a  obtained dur ing  t h e  test  are girfen 

i n  Chart  I ( i n  pocket) and i n  Appendix D. A summary of t h e  methods 

and equipment used dur ing  t h e  c o n t r o l  geology and test  opera t ions  

appears  i n  t a b l e  3.  
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1. 

2.  

Table 3 .  --Methods and Equipment Used During F i e l d  Tests 
of S t ra t  i g r  aphic Sec t  ion  Measuring 

Geologic c o n t r o l  (Sect ion A in  Chart  I and Appendix D) 

a. Methods and equipment 

1) Three men on outcrop  

a) One descr ib ing  u n i t s ,  us ing  w r i t t e n  no te s  

b)  One measuring th icknesses  wi th  Jacob ' s  s t a f f  

and t ak ing  samples 

c)  One t iming ind iv idua l  opera t ions  of o the r  two 

2) S t r a t i g r a p h i c  s e c t i o n  surveyed wi th  p lane  t a b l e ,  

t e l e s c o p i c  a l idade ,  and s t a d i a  rod  t o  check t h i c k -  

nes ses  obtained by Jacob ' s  s t a f f  measurements 

3) Samples s e l e c t i v e l y  taken t o  be r e p r e s e n t a t i v e  of 

u n i t s  

T e s t  ope ra t ions  f o r  lunar  missions (Sect ions A l ,  A2, and A3 i n  

Chart I and Appendix D) 

a .  T e s t  Operation One: remote d e s c r i p t i o n  (Upper p x t i o n  of 

Sec t ion  A l )  

1) Unit c o n t a c t s  mapped on black-and-white,  ho r i zon ta l - ax i s ,  

s tereophotographic  p a i r s  t aken  before  t h e  test  wi th  s e l f -  

developing f i lm .  A 2 X  pocket s te reoscope  used as a i d  i n  

mapping . 
S t r a t i g r a p h i c  s e c t i o n  surveyed wi th  p l ane  t a b l e ,  t e l e s c o p i c  

a l idade ,  and s t a d i a  rod t o  check th i cknesses  obta ined  by 

J ac ob ' s s t a f f m e a  s u r  ement s . 

2) 
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Table 3.--Continued. Methods and Equipment Used During F i e l d  Tests 
of S t r a t i g r a p h i c  Sec t ion  Measuring 

3) Attempt made t o  estimate l i t h o l o g i e s  based on previous  

geo log ica l  experience i n  o the r  areas. 

4 )  Thicknesses  of u n i t s  measured from h o r i z o n t a l - a x i s  c o l o r  

photographs a f t e r  r e t u r n  from f i e l d .  Uni t s  appear as 

c o l o r  bands on s i d e  of mesa. True th i ckness  of one u n i t  

i n  middle of s e c t i o n  w a s  known. From t h e  known u n i t ,  a 

r a t i o  w a s  e s t a b l i s h e d  by which t h e  approximate t r u e  t h i c k -  

nes ses  of o ther  u n i t s  could be measured from t h e i r  apparent  

t h i cknesses  on t h e  photographs. 

b .  Test Operation Two: remote d e s c r i p t i o n  (lower 

Sec t ion  A l )  

recorder  was used i n s t e a d  of w r i t t e n  no te s  

p o r t i o n  of 

c .  Test Operat ian Three: remote d e s c r i p t i o n  (Ltpper p o r t i o n  cf 

Sect ion A 2 ) .  

Unit c o n t a c t s  mapped on over - lay  on black-and-white,  

ho r i zon ta l - ax i s  photograph taken  wi th  se l f -deve loping  

f i l m  before  t e s t .  

Wri t ten  no te s  re ferenced  t o  u n i t s  de l inea ted  an photo- 

graph # 

Descr ip t ion  guide developed and employed during t e s t .  

Standard co lo r  c h a r t  employed. 

No at tempt  made t o  estimate l i t h o l o g i e s .  

- 48 - 



Table 3.--Continued. Methods and Equipment Used During F i e l d  Tests 
of S t r a t i g r a p h i c  Sec t ion  Measuring 

d .  Test Operation Four: remote d e s c r i p t i o n  (middle p o r t i o n  of 

Sec t ion  A 2 ) .  

1) Same methods a s  i n  Test Operation Three,  except t h a t  

6 x 30 b inocular  f i e l d  g l a s s e s  used t o  a i d  d e s c r i p t i o n .  

e. Test Operation F ive :  r emote  d e s c r i p t i o n  (lower p a r t  of 

Sec t ion  A 2 ) .  

1) Same methods a s  i n  Test Operation Three,  except t h a t  

d e s c r i p t i o n  w a s  made from colored ,  ho r i zon ta l - ax i s ,  

s tereophotographic  p a i r s  a f t e r  r e t u r n  from t h e  f i e l d  

area. A 2X pocket s te reoscope  w a s  used t o  a i d  i n  

d e s c r i p t i o n .  

f .  T e s t  Operation S ix :  on - s i t e  d e s c r i p t i o n ,  sampling and 

measuring by one man (lower p o r t i o n  of Sec t ion  A3). 

1) Unres t r i c t ed  desc r ip t ion  aided by 1OX hand l ens  and 

g e o l o g i s t ' s  p i ck ,  and t r ansmi t t ed  by hand-keyed, 

2-way r ad io .  

2) Transmit ted desc r ip t ion  monitored and recorded on 

t a p e  by man a t  base s t a t i o n .  

Sec t ion  measured wi th  surveying s t a f f  having an 

a t t ached  Abney hand l eve l .  

S e l e c t i v e  sampling of each u n i t  a ided  by g e o l o g i s t ' s  

p ick  and prenumbered sample bags. 

3) 

4 )  

5) Programmed sampling at one s t a f f  l ength  (137 cm) 

i n t e r v a l s ,  
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Table 3--continued. Methods and Equipment Used During F i e l d  Tests 
of S t r a t i g r a p h i c  Sec t ion  Measuring 

g ,  Test Operation Seven: o n - s i t e  d e s c r i p t i o n ,  sampling, and 

measuring by one man (middle p o r t i o n  of Sec t ion  A3). 

1) Same methods as i n  T e s t  Operat ion S i x  except f o r  u se  of 

a b r i e f  d e s c r i p t i o n  guide and a s tandard  c o l o r  c h a r t .  

h. Test Operation Eight :  o n - s i t e  d e s c r i p t i o n ,  sampling and 

measuring by two men (upper p o r t i o n  of Sec t ion  A3). 

1) Unres t r i c t ed  d e s c r i p t i o n  by one man a ided  by t h e  second 

man and by a b r i e f  d e s c r i p t i o n  guide on surveying s t a f f ,  

a s tandard  c o l o r  c h a r t ,  a 1OX hand l e n s ,  and a geolo- 

g i s t ' s  pick.  

Measuring and sampling by second man us ing  a surveying 2) 

p ick ,  and prenumbered sample bags. 

3) Programmed sampling a t  one s t a f f  l ength  (237 cm) 

i n t e r v a l  \ 

Descr ip t ions ,  measuring d a t a  and sample numbers trans- 

mi t t ed  by hand-keyed r a d i o  t o  t a p e  r eco rde r  a t  base 

s t a t  ion  

4 )  
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Comparisons of Standard and T e s t  Operations 

Measurement.--The th i cknesses  of t h e  c o n t r o l  s e c t i o n  measured wi th  

a Jacob 's  s t a f f  match very  c l o s e l y  those  measured with a t e l e s c o p i c  

a l i d a d e  and a s t a d i a  rod ,  The t o t a l  e r r o r  w a s  3.9%. A comparison 

of t h e  two methods i s  given below: 

Units 

14-22 

23-32 

33-44 

45 -55 

55-66 

Thickness by 
Jacob's s t a f f  

8 4 . 5 '  

92.0' 

40.5' 

58.75 '  

93.0' 

368.75 I 

Th i c kne s s by a 1 i dade 
and s t a d i a  rod  

84 .5 '  

100.2' 

39.3 '  

56 .5 '  

103.3 '  

383.8' 

The th icknesses  of t h a t  p a r t  of t h e  s e c t i o n  measured wi th  t h e  

surveying s t a f f  on t h e  outcrop (Sect ion A3 on Chart  I )  are v i r t u a l l y  

t h e  same as t h o s e  measured wi th  convent ional  equipment (Units  4 through 

11 i n  Sec t ion  A on Chart  I) .  This  i n d i c a t e s  t h a t  t h e  surveying s t a f f  

i s  a s u i t a b l e  s u b s t i t u t e  f o r  t h e  Jacob 's  s t a f f  and Abney level,  

t i m e  spent  i n  measuring t h e  th ickness  of 13 u n i t s  with a Jacob 's  s t a f f  

ranged from 0.01 t o  1 .03  minutes with a mean of 0,52 minutes.  The 

th i ckness  of t h e s e  u n i t s  only v a r i e s  from 1 foo t  t o  10 f e e t ,  which 

i s  an i n s u f f i c i e n t  range t o  e s t a b l i s h  a c o r r e l a t i o n  between measuring 

t i m e  and th i ckness .  

The 
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That p a r t  of t h e  s e c t i o n  measured from a photograph us ing  a 

r e fe rence  u n i t  of known th i ckness  i s  s u f f i c i e n t l y  accu ra t e  f o r  f a i r l y  

d e t a i l e d  reconnaissance work (Sec t ion  A i n  Chart  I). The th i ckness  

of t h e  upper ha l f  of t h e  s e c t i o n  as measured by t h i s  method i s  s l i g h t l y  

less than  t h e  a c t u a l  v a l u e ,  and t h e  lower ha l f  i s  s l i g h t l y  t h i c k e r .  

This  is due t o  t h e  s lope  of t h e  l i n e  of t h e  s e c t i o n  which r e s u l t s  i n  

a change i n  scale on t h e  ho r i zon ta l - ax i s  photographs: 

of t h e  s e c t i o n  becomes p rogres s ive ly  l a r g e r  i n  s c a l e  down-slope from 

t h e  r e fe rence  u n i t  (toward t h e  observer ) ,  and t h e  upper ha l f  becomes 

progress ive ly  smaller i n  s c a l e  up-slope from t h e  r e fe rence  u n i t  (away 

from t h e  observer) .  Two re fe rence  u n i t s ,  one near  t h e  t o p  and one 

near  t h e  base of t h e  s e c t i o n ,  would s u f f i c e  t o  c o r r e c t  t h i s  e r r o r  i n  

cxnosures on a uniform slope.  

t h e  lower h a l f  

be made a f t e r  t h e  r e t u r n  of photographs t o  Ear th ,  provided r e fe rence  

th icknesses  a r e  obta ined ,  I f  t h e  photographic c h a r a c t e r i s t i c s  of t h e  

rock u n i t s  are s u f f i c i e n t l y  d i s t i n c t  and descr ibed  u n i t s  can be iden-  

t i f i e d ,  t h i s  method of measurement can  be s u b s t i t u t e d  f c z  o n - s i t e  

measurement wi th  a cons iderable  saving of exp lo ra t ion  t i m e .  

The th ickness  of t h e  s e c t i o n  based e n t i r e l y  upon v i s u a l  e s t ima t ion  

(Sec t ion  A2 i n  Chart  'I> i s  about one-half  t h e  t r u e  th ickness .  As r h e  

re la t ive th icknesses  of u n i t s  are s i m i l a r ,  t h i s  degree of accuracy 

might be acceptab le  f o r  rough reconnaissance work. 

Sampling.--Studies on t h e  adequacy of samples are somewhat sub- 

j e c t i v e  i n  n a t u r e  and have not been completed t o  da ta .  The most 
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e f f i c i e n t  sampling method t o  g e t  r e p r e s e n t a t i v e  samples of t h e  rocks  

present  is dependent on t h e  na ture  of t h e  rocks and t h e  s c a l e  of s i g n i -  

f i c a n t  v a r i a t i o n s  i n  them. A preplanned sampling program without  regard 

t o  t h e  n a t u r e  of t h e  rocks  i s  l i k e l y  t o  g ive  e i t h e r  i n s u f f i c i e n t  samples 

t o  r ep resen t  t h e  rocks (as  was t h e  c a s e  us ing  a one s t a f f  l eng th  as t h e  

sampling i n t e r v a l  i n  Sec t ion  A 3 ) ,  o r  t o o  many nea r ly  i d e n t i c a l  samples 

( a s  would be t h e  c a s e  i f  a sampling i n t e r v a l  were chosen t h a t  w a s  re la -  

t i v e l y  s m a l l  i n  comparison t o  t h e  th i cknesses  of t h e  u n i t s ) .  

should be planned according t o  the n a t u r e  of t h e  rocks  and t h e  purposes 

of t h e  s tudy.  Decisions as t o  the sampling procedure may have t o  be 

made on t h e  s p o t ,  al though many of t h e  va r ious  rock c h a r a c t e r i s t i c s  t o  

be encountered can be a n t i c i p a t e d  and a genera l  sampling philosophy 

e s t a b l i s h e d .  

Sampling 

The t i m e s  r equ i r ed  t o  o b t a i n  and package 11 sainples taken &iring 

t h e  measurement of t h e  c o n t r o l  s ec t ion  (Sect ion A on Chart  1) ranged 

between 3 and 23 minutes ,  wi th  a mean of 7.5 minutes.  The rocks  are 

of r e l a t i v e l y  good and uniform exposure but  are composed of s o f t  material  

i n  which it  i s  comonly  d i f f i c u l t  t o  o b t a i n  a coherent  sample. The 

sampling t i m e  f o r  10 of t h e  11 samples ranged between 3 and 11 minutes ,  

which i s  less than  t h e  range usua l ly  encountered i n  areas of v a r i e d  

rock types ,  exposure,  and topography. It is clear t h a t  t h e  assignment 

of sampling t i m e s  f o r  l una r  exp lo ra t ion  can a t  b e s t  be made only very  

roughly and i n  most i n s t ances  cannot be p red ic t ed  u n t i l  t h e  gene ra l  

n a t u r e  of t h e  rocks and t h e  exac t  purpose f o r  which t h e  samples are 

t o  be taken are known. 
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Descript ion.  - -Evaluat ion of t h e  adequacy of d e s c r i p t i o n s  obta ined  

by d i f f e r e n t  methods must be somewhat s u b j e c t i v e ,  but some gene ra l i za -  

t i o n s  can  be made concerning t h e  r e s u l t s  of t h e  f i e l d  test. 

of recorded voice  d e s c r i p t i o n s  r a t h e r  t han  w r i t t e n  no te s  d id  not  appre- 

The use  

c i a b l y  a f f e c t  t h e  t i m e  of t h e  opera t ions  (see t i m e s  per  u n i t  i n  Sec t ion  

A 1  on Chart  I ) ,  but  t h e  d e s c r i p t i o n s  w e r e  somewhat more d e t a i l e d  where 

they  cons i s t ed  of recorded vo ice  than  where they c o n s i s t e d  of w r i t t e n  

notes  ( see  Sec t ion  A 1  i n  Appendix D).  The g e o l o g i s t s  involved i n  t h e  

test were thoroughly f a m i l i a r  wi th  t h e  u s e  of notebook and p e n c i l ,  bu t  

were somewhat unfami l ia r  with g iv ing  sys temat ic  and conc i se  v e r b a l  

desc r ip t ions  of t h e i r  observa t ions .  

spoken desc r ip t ions  could be performed more r a p i d l y  than  w r i t t e n  des- 

cr i o t  i ons  * 

This  sugges ts  t h a t ,  wi th  t r a i n i n g ,  

desc r ip t ions  ( t a b l e  4 ) ,  and w e r e  found e s p e c i a l l y  u s e f u l  when using 

a t ape  recorder  t o  r eco rd  t h e  observa t ions .  

f o r  desc r ip t ion  guides  arises from not  being a b l e  t o  check back, as 

can be  done w i t h  w r i t t e n  no te s ,  t o  see t h a t  a l l  p e r t i n e n t  p c i n t s  h a \ e  

been covered. Another disadvantage of t a p e  r eco rd ing  i s  t h a t  it i s  

d i f f i c u l t  t o  remember such th ings  as sample and s t a t i o n  numbers, It 

w a s  found u s e f u l  during t h e  tests t o  have one man monitor t h e  v e r b a l  

numbering and check t h e  v e r b a l  d e s c r i p t i o n  aga ins t  a d e s c r i p t i o n  guide.  

Such monitoring could be performed by e i t h e r  t h e  man i n  t h e  LEN or  

by Earth-based s c i e n t i s t s .  

c l a r i f i c a t i o n  w e r e  bes t  withheld u n t i l  t h e  observer  i nd ica t ed  h i s  

Much of t h e  n e c e s s i t y  

Ques t ions  regard ing  omit ted i t e m s  o r  f o r  
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Table 4.--Test d e s c r i p t i o n  guides f o r  o n - s i t e  and remote d e s c r i p t i o n s  
of s t r a t i g r a p h i c  sec t ions .  

Descr ip t ion  guide employed i n  the  o n - s i t e  d e s c r i p t i o n  of Sec t ion  A ,  
Appendix D. 

Rock t y p e ( s ) , ( m o d i f i e r ) :  i f  more than  rock type ,  desc r ibe  
primary type  f i r s t  , then  secondary). 

Co lo r ( s ) :  f r e s h ,  weathered ( i f  c o l o r  bands, l i s t  a l s o  width,  
l eng th ,  i r r e g u l a r i t y  and percent  of u n i t  o r  number). 

Matrix:  g r a i n  s i z e ,  (g ra in  s i z e  range) ,  s o r t i n g ,  roundness,  
a c i d  r e a c t i o n ,  composition, (cement), ( l u s t e r ) ,  ( o r i e n t a t i o n  
of p a r t i c l e s )  

Lateral  ex ten t  of u n i t  minimum or maximum, (veins)  , ( j o i n t s )  

Bedding, (sedimentary s t r u c t u r e s ) .  

Weat her  ing  c h a r a c t e r i s t i c s  , 

Minor rock types .  

Contacts :  conformable or no t ,  upper con tac t  , ( v a r i a t i o n  in  
th i ckness  of u n i t )  , ( l a t e r a l  v a r i a t i o n s )  e 

The i t e m s  i n  pa ren thes i s  a r e  noted i f  p re sen t  o r  v i s i b l e .  The i t e m s  
covered i n  t h e  d e s c r i p t i o n  guide  a re  p r imar i ly  f o r  sands tones ,  s i l t -  
s t o n e s  and c l ays tones .  The number of f e a t u r e s  t h a t  can be  p r a c t i c a l l y  
descr ibed  decrease  with decreasing g r a i n  s i z e .  Roundness and composi- 
t i o n  are gene ra l ly  l e f t  out of t h e  d e s c r i p t i o n s  of s i l t s t o n e s  and 
mudstones. Grain s i z e ,  s o r t i n g ,  roundness and composition are gener- 
a l l y  l e f t  out of t h e  d e s c r i p t i o n  of c l ays tones  and some mudstones. 

Descr ip t ion  guides  employed i n  t h e  remote d e s c r i p t i o n  of s e c t i o n  A 2 ,  
Appendix D. 

Unit number 

General cha rac t e r  is t ic  s 

I n t e r n a l  l aye r ing  c h a r a c t e r i s t i c s  

Color 

Thickness 
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Table 4.--Continued. T e s t  d e s c r i p t i o n  guides f o r  o n - s i t e  and remote 
desc r ip t ions  of s t r a t i g r a p h i c  sect ions .  

I n t e r n a l  l aye r ing  c h a r a c t e r i s t i c s -  -cont inued 

R e f l e c t i v i t y  ( r e l a t i v e  t o  u n i t s  i n  area wi th  t h e  
lowest and h ighes t  r e f l e c t i v i t i e s )  

Texture of exposed s u r f a c e  

Rel ie f  on exposed s u r f a c e  

Vegetation 

F rac tu res  

Contacts 

I n t e r n a l  

With under ly ing  u n i t  

Genetic p o s s i b i l i t i e s  
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r e a d i n e s s  f o r  them. This  prevented i n t e r r u p t i n g  t h e  obse rve r ' s  t r a i n  

of thought while  he w a s  working. 

One of t h e  remote desc r ip t ion  tes ts  w a s  an at tempt  t o  estimate t h e  

l i t h o l o g i e s  of t h e  u n i t s  descr ibed (Sec t ion  A 1  on Chart  I ) ,  and a com- 

pa r i son  of t h e  es t imated  l i t h o l o g i e s  wi th  t h e  c o n t r o l  s e c t i o n  (Sec t ion  

A) shows t h a t  most of t h e s e  es t imates  were reasonable  but not  p r e c i s e .  

These estimates c o n s i s t  of "educated guesses" based upon t h e  g e o l o g i s t ' s  

f a m i l i a r i t y  wi th  t h e  weathering c h a r a c t e r i s t i c s  of va r ious  rock types  

under va r ious  terrestr ia l  condi t ions.  This  t ype  of e s t ima t ion  on t h e  

Moon undoubtedly w i l l  become usefu l  as a d d i t i o n a l  knowledge i s  gained 

of t h e  lunar  s u r f a c e  p r o p e r t i e s ,  p a r t i c u l a r l y  a f t e r  one o r  more manned 

landings ,  

A s imilar  amount of d e t a i l  and accuracy w a s  der ived  from desc r ib ing  

t h e  s e c t i o n  from c o l o r  photographs as w a s  obtained f r o z  t h e  remcte 

f i e l d  d e s c r i p t i o n  wi th  t h e  unaided eye ( P a r t s  I and 111, Sect ion  A2 

on Chart  I and i n  Appendix D) .  Unless t h e  i n f o r m a t i m  i s  necessary 

t o  a p a r t i c u l a r  l una r  miss ion ,  it would be b e t t e r ,  i f  p o s s i b l e ,  t o  

t a k e  photographs,  annota te  them where a p p r o p r i a t e ,  and complete t h e  

d e s c r i p t i o n s  from t h e  photographs a f t e r  t h e i r  r e t u r n  o r  t ransmiss ion  

t o  Earth.  

Probably t h e  b e s t  test of t h e  adequacy of remote d e s c r i p t i o n s  i s  

t h e  a b i l i t y  t o  c o r r e l a t e  s e c t i o n s  descr ibed from a remote p o s i t i o n  

wi th  one descr ibed  on t h e  outcrop. The tes ts  i n d i c a t e  t h a t  f a i r l y  

accu ra t e ,  but  no t  h ighly  d e t a i l e d ,  c o r r e l a t i o n s  can be made between 

t h e  d e s c r i p t i o n s  from remote l o c a l i t i e s  w i th  t h o s e  made on t h e  outcrop 

(Chart I). The c o r r e l a t i o n s  i n  t h i s  s e c t i o n  are based mainly on t h e  
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c o l o r  sequence and t h e  frequency of i n t e r n a l  v a r i a t i o n s  i n  rock  u n i t s ;  

i n  o the r  s ec t ions  t h e  same procedure might be used t o  c o r r e l a t e  u n i t s  

on t h e  b a s i s  of ou tcrop  form, such as changes i n  s lopes  and t h e  d e t a i l e d  

e r o s  ion  charac te r  i s  t i e  s 

The desc r ip t ion  of t h e  c o l o r s  of t h e  weathered u n i t s  observed 

remotely and those  observed on t h e  outcrop are h igh ly  v a r i a b l e  i n  

d e t a i l ,  al though adequate f o r  t h e  g ross  c o r r e l a t i o n  of s e c t i o n s  i f  

t h e  sequences of c o l o r s  can b e  compared (see c o r r e l a t i o n  columns on 

Chart  I). The v a r i a b i l i t y  between t h e  s tandard  c o l o r  c h a r t  c o l o r s  

given f o r  t h e  same u n i t s  i n  Sec t ions  A and A2 i s  a r e f l e c t i o n  of t h e  

d i s t a n c e  from t h e  outcrop,  t h e  l i g h t i n g  cond i t ions  and t h e  i n d i v i d u a l ' s  

exper ience  i n  us ing  t h e  co lo r  c h a r t .  No s tandard  c o l o r  c h a r t  w a s  used 

f o r  Sec t ion  A l .  

l i n e a r  f e a t u r e s  on t h e  s u r f a c e  of t h e  s lope .  These f e a t u r e s  formed 

as a r e s u l t  of weather ing,  e ros ion ,  and rock c h a r a c t e r i s t i c s .  The 

forms are g raph ica l ly  i l l u s t r a t e d  i n  Test Sec t ion  A 2 ,  Chart '1, and 

may provide c l u e s  f o r  c o r r e l a t i o n  wi th  o t h e r  s t r a t i g r a p h i c  s e c t i c n s  

t h a t  have been measured from remote s t a t i o n s .  

Discussion of T i m e s  t o  Perform Operations 

Because t h e  s e c t i o n  measuring from a remote l o c a l i t y  consi.st.e.d 

only of marking photographs and desc r ib ing  t h e  u n i t s ,  t i m e s  of t h e  

i n d i v i d u a l  ope ra t ions  were not  recorded. Measurement on t h e  outcrop 

c o n s i s t e d  of sampling, measuring, and desc r ib ing ,  and t i m e s  r equ i r ed  
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I -  
I .  

t o  perform t h e  sampling-measuring and t h e  desc r ib ing  ope ra t ions  were 

recorded.  Di f fe rences ,  i n  some cases  very pronounced, e x i s t  between 

t h e  t i m e  r equ i r ed  t o  perform a given opera t ion  i n  one u n i t  and t h e  

t i m e  r equ i r ed  t o  perform t h e  same opera t ion  i n  another  u n i t .  

d i f f e r e n c e s  can be a sc r ibed  t o  a number of f a c t o r s :  v a r i a t i o n s  i n  

complexity,  topography, exposure,  t h i ckness ,  and rock type ,  bes ides  

human f a c t o r s .  The v a r i a t i o n s  i n  t i m e s  i n d i c a t e  t h a t  no more than  

an average can be ass igned  t o  t h e  t i m e  necessary t o  perform an i n d i v i -  

dua l  ope ra t ion ,  and t h a t  t h e  a c t u a l  t i m e  r equ i r ed  t o  perform t h i s  

ope ra t ion  may d e v i a t e  from t h e  average s o  g r e a t l y  t h a t  t h e  average 

has no s i g n i f i c a n t  meaning t o  t h e  i n d i v i d u a l  c a s e  ( see  t a b l e  5 ) .  

These 

The cumulative t i m e  curves  on Chart  I ,  al thoagh i r r e g u l a r ,  i n d i -  

cate  t h a t  ope ra t ion  t i m e  v a r i e s  approximately l i n e a r l y  wi th  th i ckness ,  

provided no major changes i n  t h e  general  cha rac t e r  of t h e  r x k s  are 

encountered and no changes i n  procedure are made. This  i n d i c a t e s  t h a t  

under cond i t ions  of known geologic  and topographic  complexity,  t h e  ra te  

a t  which s e c t i o n  measuring w i l l  proceed can  be apprcximately p red ic t ed  

even though t h e  t i m e  f o r  a s p e c i f i c  p a r t  of t h e  ope ra t ion  

cannot be p red ic t ed .  

sequence 

The i r r e g u l a r i t i e s  i n  t h e  cumulative d e s c r i p t i o n  t i m e  curve as 

p l o t t e d  aga ins t  t h i ckness  (Sect ion A on Chart  1) show t w o  p a t t e r n s :  

a marked genera l  decrease  i n  s lope ,  approximately two- th i rds  of t h e  

way above t h e  base ,  where t h e  s e c t i o n  i s  d iv ided  i n t o  t h i n n e r  u n i t s  

t han  below, and a number of s teeper  po r t ions  oppos i te  t h e  t h i c k e r  

u n i t s .  This  i n d i c a t e s  t h a t  t h e  desc r ip t ion  t i m e  i s  more a func t ion  
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. 
: *  

of u n i t s  t han  th ickness  and a s t r a i g h t e r  curve would be produced when 

t h e  d e s c r i p t i o n  t i m e s  a r e  p l o t t e d  aga ins t  u n i t s ,  

s t a t i s t i c a l l y  i n  t a b l e  5. 

was found t o  have a c o e f f i c i e n t  of v a r i a t i o n  of 133%, whereas t h e  des- 

c r i p t i o n  t i m e  per  u n i t  has a c o e f f i c i e n t  of v a r i a t i o n  of 55%. 

This  i s  expressed 

The desc r ip t ion  t i m e  per  foo t  of s e c t i o n  

The ma jo r i ty  of u n i t s  represent  e s s e n t i a l l y  s i n g l e  rock types ;  

however, a number of u n i t s  conta in  more than  one, A l l  o the r  t h i n g s  

being equa l ,  more t i m e  i s  spent  descr ib ing  two rock types  than  one, 

and more t i m e  i s  consumed on u n i t s  w i th  two rock types  than  on u n i t s  

w i th  one. Thus, d e s c r i p t i o n  t ime should show even a c l o s e r  r e l a t i o n -  

s h i p  t o  rock types  than  t o  u n i t s ,  This  i s  shown i n  t a b l e  5. 

I n  desc r ib ing  a u n i t  i n  Sect ion A ,  a number of samples w e r e  exam- 

ined wi th  t h e  use  of a hand l e n s  (a s m a l l ,  1OX - 1 4 X  magnifying lens1 $ 

and t h e  c o l o r s  were descr ibed  using t h e  s t a n d i r d  Geolsg ica l  Soc ie ty  

of America Rock-Golor Chart  (1963). T i m e s  f o r  t h e s e  two ope ra t f cns  

were c o l l e c t e d  f o r  a l i m i t e d ,  bu t  r e p r e s e n t a t i v e ,  number of u n i t s .  

The eva lua t ion  of t h i s  d a t a  i s  given i n  t a b l e  5. 

The t o t a l  t i m e  per  u n i t  f o r  a two-man operacicjn, inc luding  t h e  

d e s c r i p t i o n ,  sampling, measuring, and t h e  l ay ing  out  of t h e  s e c t i o n ,  

ranged from 11 t o  92 minutes ,  with a mean of 32.1 minbtes.  In addi -  

t i o n ,  60 minutes w e r e  spent  i n  d e t a i l e d  planning where t h e  s e c t i o n  w a s  

t o  be  measured, and t h i s  t i m e  should be d i s t r i b u t e d  over t h e  u n i t s .  

This  would add 0.90 minutes t o  t h e  mean t i m e  per  u n i t .  

No apprec iab le  change i n  s lope  eccurs  i n  t h e  cumulative t i m e  

curve of t h e  remote d e s c r i p t i o n  t h a t  w a s  made e n t i r e l y  wi th  t h e  unaided 
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eye ,  u s ing  both w r i t t e n  no te s  and v e r b a l  record ing  (Sec t ion  A 1  on 

Chart  I).  T h i s  sugges ts  t h a t  f o r  t h e  case  of t h a t  i n d i v i d u a l  observer  

and h i s  degree of f a m i l i a r i t y  wi th  v e r b a l  d e s c r i p t i o n ,  no apprec i ab le  

t i m e  i s  saved by us ing  recorded vo ice  d e s c r i p t i o n .  

The time r equ i r ed  t o  desc r ibe  a u n i t  appears  t o  inc rease  i f  binoc- 

u l a r s  

( p a r t s  I1 and 111 of Sec t ion  A2 of Chart  I). 

d e t a i l  can  be seen wi th  t h e  b inocu la r s  and thus  t h e r e  i s  m 0 r e  t o  des-  

c r i b e .  N o  apprec iab le  change can be de t ec t ed  concerning t h e  t i m e  

requi red  t o  desc r ibe  a s e c t i o n  wi th  t h e  unaided eye from a remote 

l o c a l i t y  i n  t h e  f i e l d  as opposed t o  t h e  t i m e  r equ i r ed  t o  desc r ibe  

t h e  s e c t i o n  from c o l o r  s te reographs  i n  t h e  o f f i c e  ( p a r t s  I and IPI 

of Sec t ion  A 2 ) .  

a r e  used, as opposed t o  d e s c r i p t i o n s  made wi th  t h e  unaided eye 

This  i s  because more 

bupplenlrlILdry . L . L L A " & L r r . u c  *_A. -- ---.. 

A shor t  e x e r c i s e  w a s  performed t o  tes t  t h e  f e a s i b i l i t y  of mapping 

and descr ib ing  geologic  f e a t u r e s  i n  a d d i t i o n  t o  s t r a t i g r a p h i c  l i n i t s  

from a r e m o t e  p o s i t i o n  by compiling a non-planimetr ic  map on horizont .a l -  

a x i s  photographs. To accomplish t h i s ,  u n i t  con tac t s  were drawn as 

they appeared on t h e  photographs,  g iv ing  an obl ique  map v i e w  that: 

has a pronounced decrease  i n  scale from foreground t o  background. 

This  method appears  very u s e f u l  f o r  areas of moderate t o  g rea t  r e l i e f .  

With proper c o n t r o l  of t h e  photography, q u a n t i t a t i v e  s p a t i a l  r e l a t i o n -  

sh ips  can  b e  ob ta ined  by photogrammetric methods and t h e  information 

p l o t t e d  on a p l an ime t r i c  base.  More d e t a i l e d  tes ts  on photographic 

mapping w i l l  be performed i n  t h e  f u t u r e .  
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. 

Conclusions 

The fol lowing conclusions and recommendations are made on t h e  

b a s i s  of t h e  f i e l d  t es t s  on sec t ion  measuring: 

1. The r a t e  a t  which a s e c t i o n - c a n  be measured under condi-  

t i o n s  of known geologic  and topographic  ccmplexity can be 

approximately p red ic t ed .  

The r a t e  a t  which a sec t ion  can be measured i s  more depend- 2. 

en t  on t h e  number and cha rac t e r  of t h e  u n i t s  than  on t h e  

u n i t ' s  t h i c k n e s s ,  t he re fo re  t h e  s i z e  of t h e  u n i t s  chosen 

i s  very  s i g n i f i c a n t  i n  determining t h e  r a t e .  A s e c t i o n  

d iv ided  i n t o  100 t o  200 m t h i c k  u n i t s  c su ld  be measured 

cons iderably  f a s t e r  than  i f  t h e  s e c t i o n  needed t o  be 

d iv ided  i n t o  1 t o  5 m t h i c k  u n i t s .  

3 .  The rate a t  which samples are c o l l e c t e d ,  even i n  f a i r l y  

uniform rock types ,  v a r i e s  g r e a t l y ,  and sampling t i m e s  

cannot be p red ic t ed  unless  a g r e a t  number of samples 

from each rock  t y p e  are involved. 

4 .  Recorded vo ice  desc r ip t ions  should be rlsed r a t h e r  than  

w r i t t e n  d e s c r i p t i o n s .  It w i l l  probably be d i f f i c u l t  t c  

manipulate  w r i t i n g  ma te r i a l  on t h e  lunar s d r f a c e ,  and 

more d e t a i l  can be recorded than  can be m i t t e n  i n  a 

given amount of t i m e .  The observers  shsclld be thcrodghly 

t r a i n e d  i n  d i c t a t i o n .  Concise and o b j e c t i v e  d e s c r i p t i o n  

guides should be developed f o r  t r a i n i n g  purposes and t o  

a s s u r e  t h a t  necessary  information i s  recorded.  Monitoring 

- 6 3  - 



of desc r ip t ions  by t h e  man i n  t h e  spacec ra f t  and by 

s c i e n t i s t s  on Ear th  w i l l  be h e l p f u l ,  provided ques t ions  

regarding t h e  omissions and c l a r i f i c a t i o n s  are made on 

r eques t ,  are kept  t o  a minimum, and are d i r e c t l y  a p p l i -  

cable  t o  t h e  problem a t  hand. 

Descr ip t ive  information gathered on t h e  Moon should be 

supplementary t o  t h a t  which can be obtained from re tu rned  

photographs and samples. 

and sample  d a t a  only in so fa r  as t h e  information i s  nec-  

e s sa ry  t o  t h e  conduct of t h e  mission.  

5. 

It should d u p l i c a t e  photographic 

6 .  The surveying s t a f f  i s  an adequate s u b s t i t u t e  f o r  t h e  

Jacob's s t a f f  i n  s e c t i o n  measuring. 

7 .  Photographs a v a i l a b l e  during a mission are very  u s e f u l  

data .  Thus, se l f -deve loping  f i l m  would be useful.  t o  

the  a s t ronau t s .  

measurement and d e s c r i p t i o n  t o  be made upon r e c b r n  t o  

Earth.  These photographs could be annotated in c r i t i -  

c a l  areas by t h e  a s t r o n a u t s  while  on t h e  Moon. 

Good photographs would al low some 

8. Stereophotographic p a i r s  are h e l p f u l  i n  determining 

t h e  weathering and e r o s i o n a l  c h a r a c t e r i s t i c s  of rock 

u n i t s  

9. Because v a r i a t i o n s  i n  co lo r  w e r e  very  important t o  remote 

desc r ip t ion  of t h e  s e c t i o n  measured, co lo r  f i l m  w a s  much 

more u s e f u l  t han  b lack  and whi te  f i lm.  
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10. Deta i led  measurement of t h i c k  s t r a t i f i e d  sec t ions  w i l l  

be probably u n l i k e l y  on e a r l y  Apollo missions due t o  

t h e  t i m e  r equ i r ed  t o  perform t h e s e  opera t ions ,  

l imi t ed  amount of s ec t ion  measuring might be done i n  

s e l e c t e d  areas t h a t  are c r i t i c a l  t o  t h e  s o l u t i o n  of an 

important problem. Remote measurement could be per -  

formed on longer missions involving a roving  v e h i c l e  

o r  LEM/Shelter, i f  t h e  measurement i s  a necessary a i d  

t o  exp lo ra t ion  during t h a t  mission. 

A v e r y  
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P e t r o l o g i c a l  Analysis  f o r  Lunar F i e l d  Geological  Operat ions 

Gener a1 Statement 

(J, T o  O'Connor, H. H, Schmit t ,  G .  A. Swann) 

The study of t h e  n a t u r a l  h i s t o r y  of rocks  by a l l  a v a i l a b l e  methods 

is  t h e  f i e l d  of i n v e s t i g a t i o n  denoted by t h e  gene ra l  t e r m  "petrology" 

(Howell, 1957, p.  218). P e t r o l o g i c a l  a n a l y s i s  on t h e  lunar  s u r f a c e  

dur ing  LEM/Shelter o r  mobile l abora to ry  missions p o t e n t i a l l y  could 

inc lude  a broad range of l abora to ry  techniques ,  inc luding  microscopic  

petrography,  X-ray d i f f r ac tomet ry ,  X-ray spectrometry,  m a s s  spectrom- 

e t r y ,  g a m a  ray  spectrometry (with o r  without  a neut ron  source) ,  o p t i c a l  

spectrometry,  and a lpha  p a r t i c l e  spectrometry.  

Some techniques of p e t r o l o g i c a l  a n a l y s i s  w i l l  be of prime importance 

- m ~ ~ ~ I - - l ~ . . w  .,-a 
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of missions of t h i s  type  w i l l  c r e a t e  s p e c i a l  problems i n  t h e  s e l e c t i o n  

of samples t o  be r e tu rned  t o  Ear th ,  exp lo ra t ion  planning dur ing  t h e  

miss ion ,  d r i l l i n g  s i t e  s e l e c t i o n ,  and geophysical  and geochemical 

instrument s t a t i o n  s e l e c t i o n  t h a t  do not  arise dur ing  t h e  s h o r t  explora-  

t i o n  t i m e  of t h e  e a r l y  Apollo missions.  

s o l u t i o n  t o  t h e  problems w i l l  c o n t r i b u t e  g r e a t l y  t o  r h e  e v e r a l l  s w c e s s  

of each lunar  mission 

The e f f e c t i v e  and e f f i c i e n t  

The p r o j e c t ' s  i n v e s t i g a t i o n  of t h e  p e t r o l o g i c a l  a n a l y s i s  f o r  lunar  

exp lo ra t ion  is  d i r e c t e d  toward developing t h e  techniques  t h a t  w i l l  s o l v e  

t h e  following mission problems: 
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1. The e f f i c i e n t  s e l e c t i o n  ( f o r  r e t u r n  t o  Ear th)  of t h e  most 

s c i e n t i f i c a l l y  va luab le  samples from t h e  many t o  be c o l l e c t e d  

during f i e l d  opera t  ions .  

The c o l l e c t i o n  of u se fu l  comparative d a t a  on samples t o  be 

d iscarded ,  i n  p a r t i c u l a r ,  t hose  d a t a  t h a t  i n d i c a t e  t h e  areal  

d i s t r i b u t i o n  of minera logica l ,  chemical,  and s t r u c t u r a l  var- 

i a t  i ons  i n  lunar  ma te r i a l s  e 

The i n t e g r a t i o n  of pe t ro log ica l  d a t a  i n t o  mission opera t ions  

so t h a t  sampling, desc r ip t ion  and mapping programs can be 

r e f i n e d  during t h e  mission. 

2. 

3 .  

4 .  The a n a l y s i s  of t h e  e f f e c t  of t h e  composition, t e x t u r e  and 

phys ica l  p r o p e r t i e s  of l o c a l  materials an geophysical  and 

geochemical experiments so t h a t  re f inements  of such exper i -  

ments are p o s s i b l e  during t h e  mission. 

5.  The de termina t ion  of t h e  engineer ing p r o p e r t i e s  of l una r  

materials so t h a t  p o t e n t i a l  hazards  t o  t h e  mission can be 

a n t i c i p a t e d ,  optimum mobi l i ty  systems developed, and s i tes  

f o r  f u t u r e  missions and lunar bases  can be se l ec t ed .  

6 .  The a n a l y s i s  of pe t ro log ic  d a t a  r ece ived  on an Earth-base 

dur ing  a mission and i t s  use i n  he lp ing  t o  d i r e c t  t h e  con- 

duct  of t h e  mission. 

7. The de termina t ion  of s p e c i f i c  o b j e c t i v e s  f o r  sampling and 

p e t r o l o g i c a l  a n a l y s i s  during given miss ions .  

I n  developing t h e  techniques of p e t r o l o g i c a l  a n a l y s i s  f o r  lunar  

exp lo ra t ion ,  t h e  fo l lowing  r e l a t e d  problems are be ing  s tud ied :  
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1. What instruments  are a v a i l a b l e ,  how should they  be modif ied,  

and what new ins t ruments  should be developed t o  o b t a i n  and 

i n t e r p r e t  p e t r o l o g i c a l  d a t a  during mission ope ra t ions .  

2 .  How t h e  n a t u r e  of l una r  s u r f a c e  materials w i l l  a f f e c t  t h e  

choice of t h e  instruments  t o  be incorpora ted  i n  a given 

mission. 

ana lys i s  of l una r  material  w i l l  be  a f f e c t e d  by t h e  p o s s i b l e  

v a r i a t i o n  i n  t h e i r  o r i g i n ,  chemical composition, mineralogy, 

c r y s t a l l i n i t y ,  rock type  , p a r t i c l e  s i z e  and indura t ion ,  depth 

of b u r i a l ,  engineer ing  p r o p e r t i e s ,  and mode of sampling. 

I n  p a r t i c u l a r ,  how t h e  conduct of p e t r o l o g i c a l  

I n  conjunct ion wi th  t h e  i n v e s t i g a t i o n  of p e t r o l o g i c a l  a n a l y s i s  f o r  

lunar  exp lo ra t ion ,  p e t r o l o g i c a l  c o n t r o l  of va r ious  test  si tes i s  be ing  

nhfained.  This c o n t r o l  w i l l  a i d  i n  t h e  eva lua t ion  of t h e  m e f u l n e s s  of  

ob ta in ing  use fu l  samples, and f i e l d  and p e t r o l o g i c a l  da t a .  

Resu l t s  of Prel iminary I n v e s t i g a t i o n s  

(J. 2 .  O'Connor) 

The bas ic  t o o l s  necessary f o r  p e t r o l o g i c a l  a n a l y s i s  are t hcse  

p r e s e n t l y  u t i l i z e d  by p e t r a l o g i s t s  i n  s t u d i e s  of t e r r e s t r i a l  materials. 

These t o o l s  are t h e  pe t rographic  microscope, X-ray d i f f s a c t i c n  i n s t n -  

ments, c l a s s i c a l  chemical a n a l y s i s  and spectro-chemical  a n a l y s i s  equ ip -  

ment, r a d i a t i o n  a n a l y s i s  equipment, and s t r e n g t h  of marerials debices .  

These t o o l s  have ind iv idua l  advantages and disadvantages and are d i s -  

cussed sepa ra t e ly  below. Addi t iona l  information on some of t h e  tools 

of p e t r o l o g i c a l  a n a l y s i s  i s  given by Weber and o t h e r s  (1964) .  
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Petrographic .  micrpscppy. --The o p t i c a l  p r o p e r t i e s  of t e r res t r ia l  

mine ra l s  as seen  i n  t h i n  sec t ions  of rocks  are ,  i n  gene ra l ,  w e l l  known 

and have been c o r r e l a t e d  with the  chemical composition and c r y s t a l l i n e  

s t r u c t u r e  of t h e  minera ls  (Wahlstrom, 1960; Trcger ,  1956; Winchell  

and Winchell ,  1951; Deer and o the r s ,  1962-1963). The examination 

of t h i n  s e c t i o n s  with a petrographic  microscope permi ts  d i r e c t  obser-  

v a t i o n  of t e x t u r a l  f e a t u r e s  of a rock inc luding  f r a c t u r i n g ,  p o r o s i t y ,  

rock f a b r i c ,  and t h e  e f f e c t  of ex te rna l  agents  on t h e  rock ( i o e q ,  

chemical a l t e r a t i o n  and t h e  e f f e c t s  of h e a t ,  p re s su re  and r a d i a t i o n ) .  

Thin s e c t i o n  a n a l y s i s  would be an extremely u s e f u l  method of sample 

s e l e c t i o n  f o r  determining t y p i c a l  and a t y p i c a l  samples t o  be c a r r i e d  

back t o  Ear th  f o r  f u r t h e r  ana lys i s .  I n  a d d i t i o n ,  many rock t h i n  sec-  

t i o n s  could  be r e tu rned  t o  Ear th  without t h e  pa ren t  samples,  g iv ing  

a b e t t e r  c r o s s  s e c t i o n  of l una r  miter ia ls  than  Chat a v a i l a b l e  from 

fewer,  l a r g e r  and heavier  hand samples .  Each t h i n  s e c t i o n  would a l s o  

be amenable t o  e l e c t r o n  microprobe a n a l y s i s .  Fur ther  informatien 

would be p o s s i b l e  from t h i n  sec t ions  not  r e tu rned  i f  they  w e r e  photo- 

graphed and b r i e f l y  descr ibed  before being d iscarded .  

The p o s s i b l e  weight and e f f i c i e n c y  of t h e  pe t rog raph ic  microscope 

and suppor t ing  equipment, p a r t i c u l a r l y  t h e  devices  necessary f o r  pre-  

p a r a t i o n  of t h i n  s e c t i o n s , a r e  c u r r e n t l y  being inves t iga t ed .  

scope i t s e l f  should not  present  grea t  weight d i f f i c u l t i e s .  Z'sing t h e  

o p t i c a l  t r a i n  of a modern r e sea rch  pe t rographic  microscope and a l i g h t  

weight frame, t h e  microscope would weigh about f i v e  pounds e 

The micro- 
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Prepa ra t ion  of rock t h i n  s e c t i o n s  r e q u i r e s  f a c i l i t i e s  f o r  c u t t i n g  

E s t i m a t e s  from o p t i c a l  f i rms  wi th  exper-  and gr inding  rock specimens. 

i ence  i n  t h i s  f i e l d  suggest t h a t  s e l f - con ta ined  packages of about 10 

pounds weight each can  be developed f o r  each of t h e s e  opera t ions .  

c u t t i n g  and gr inding equipment would probably c o n s i s t  of h igh  speed 

diamond impregnated wheels designed s p e c i f i c a l l y  f o r  such ope ra t ions .  

The mechanisms would be a t  least  semi-automatic,  r e q u i r i n g  no more 

a t t e n t i o n  than loading and removing samples. 

The 

A l i m i t i n g  f a c t o r  i n  t h e  use fu lness  of pe t rographic  a n a l y s i s  would 

be a preponderance of i s o t r o p i c  material on t h e  lunar  s u r f a c e - - e i t h e r  

of vo lcan ic  o r i g i n  o r  as a r e s u l t  of impact and r a d i a t i o n  e f f e c t s  on 

p rev ious ly  c r y s t a l l i n e  material. 

X-ray d i f f rac t ion . - -X-ray  d i f f r a c t i o n  i s  a most v e r s a t i l e  t o o l  

may determine t h e  bulk minera logica l  composition of rack  samples, 

v a r i a t i o n s  in  c r y s t a l  l a t t i c e  parameters  t h a t  r e f l e c t  chemical varia- 

t i o n s  i n  the  minera ls  and v a r i a t i o n s  i n  t h e  s t r u c t u r a l  s t a t e  cf c r y s t a l -  

l i n e  m a t e r i a l ,  t h e  c r y s t a l l i n i t y  of materials , and p a r t  fcle s i z e  and 

o r i e n t a t i o n .  I n  a d d i t i o n ,  t h e  technique i s  capable  of d e a l i n g  wi th  

p a r t i c l e  sizes w e l l  below those  necessary f o r  o p t i c a l  methods, thLs 

al lowing minera logica l  de te rmina t ions  i n  t h e  realm of deb i tr if  i c a t i o n  

and chemical a l t e r a t i o n  phenomena. X-ray d i f f r a c t i o n  is a l s o  u s e f d l  

f o r  opaque materials o r  materials wi th  r e f r a c t i v e  ind ices  t o o  h igh  

f o r  normal petrographic  de te rmina t ions .  The major components of X-ray 

d i f f r a c t i o n  equipment a l s o  are compatible wi th  equipment f o r  t h e  spec t ro -  

chemical technique of X-ray f luo rescence  spectroscopy. 
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The sampling problems a r e  minimal f o r  X-ray d i f f r a c t i o n ;  a l l  t h a t  

i s  needed i s  a few t e n t h s  of a gram of powdered material. 

of serial samples t o  X-radiat ion and record ing  of d i f f r a c t i o n  p a t t e r n s  

has  been automated i n  many e x i s t i n g  f a c i l i t i e s .  

The exposure 

T i m e  cons ide ra t ions  may be  a detr iment  t o  t h e  use  of X-ray d i f f r a c -  

t i o n  dur ing  lunar  exp lo ra t ion .  

duc t ion  of equipment s i z e  increases  scanning t i m e  i f  every th ing  else 

i s  h e l d  cons t an t .  

One i s  increased  s e n s i t i v i t y  of de t ec t ion  wi th  t h e  convent ional  l i n e -  

by - l ine  scanning,  The o t h e r  i s  t o t a l  scanning of a l l  l i n e s  a t  once. 

T o t a l  scanning has been product ive i n  experiments a t  several i n s t i t u -  

t i o n s  working on t h e  genera l  p r o p e r t i e s  of X-zay d i f f r a c t i a n .  The 

method would c u t  scanning t i m e s  by a t  least  one order  of magnitude. 

The primary d i f f i c u l t y  wi th  the  X-ray d i f f r a c t i a n  technique as 

wi th  t h e  microscopic petrography is t h e  n a t u r e  of t h e  lcrnar su r face  

mater ia l .  Des t ruc t ion  of long-range order  i n  c r y s t a l l i n e  s t r u c t u r e s  

w i l l  de s t roy  t h e  d i f f r a c t i n g  p rope r t i e s  of t h e  s t Iuc tures ,  render ing  

them i s o t r o p i c  t o  X-rays. 

so  seve re ly  shocked o r  i r r a d i a t e d  t h a t  i ts  c r y s t a l l . i n i t y  has been des- 

t royed ,  the use fu lness  of X-ray d i f f r a c t i o n  would be l imi t ed  t o  t h e  

examination of subsur face  material, Experimental  work and t h e  r e s u l t s  

of t h e  e a r l y  Apol'Eo missions are necessary t o  e l u c i d a t e  t h i s  prablem. 

The r educ t ion  of power due t o  t h e  re- 

TWO methods of overcoming t h i s  problem are  apparent .  

I f  t h e  Moon's s u r f a c e  is cvvered wi th  mater ia l  

Ana ly t i ca l  chemistry.-- Instrumental  chemical methods o f f e r  many 

p o s s i b i l i t i e s  f o r  u se  i n  lunar  missions.  Much of t h i s  f i e l d  has  been 

covered i n  t h e  r e p o r t ,  Survey of lunar measurements, experiments,  and 

geo log ic  s t u d i e s  by Texas Instruments Inc . ,  Contract  No. NAS 9-2115, 

- 71 - 



f i n a l  r e p o r t .  

problems are discussed here .  

Two of t h e  instruments  commonly used i n  so lv ing  geo log ica l  

X-ray f luorescence  i s  one method of ob ta in ing  chemical compositions 

( f o r  a l l  but  t h e  l i g h t e s t  elements) of rocks  and minera ls .  Some of i t s  

b igges t  advantages are t h e  c o m p a t i b i l i t y  wi th  X-ray d i f f r a c t i o n  and i t s  

a d a p t a b i l i t y  t o  s o l i d  samples. 

s i z e  have been reduced by r e sea rch  a t  t h e  Jet Propuls ion Laboratory f o r  

t h e  Surveyor program. Necessary sample s i z e s  have been g r e a t l y  reduced 

by work c a r r i e d  out i n  t h e  U. S. Geological  Survey l a b o r a t o r i e s .  Again, 

a r educ t ion  i n  ope ra t ing  t i m e  might be obta ined  by scanning t h e  e n t i r e  

spectrum i n  one opera t ion .  

D i f f i c u l t i e s  i n  power gene ra t ion  and 

I n  t h e  case  of preponderance of g l a s sy  phases on t h e  lunar  s u r f a c e  

t h e  e l e c t r o n  microprobe may prove t o  be t h e  only instrument  which w i l l  

s p e c i a l  c a s e  of t h e  X-ray f luorescence  appara tus ,  it i s  operable  even 

i n  t h e  absence of long range c r y s t a l l i n e  order  as it analyzes  t h e  

c h a r a c t e r i s t i c  X-ray emissions of t h e  elements.  By scanning a specimen 

f o r  X-rays t h a t  are c h a r a c t e r i s t i c  of a given element ,  images showing 

t h e  d i s t r i b u t i o n  of t h e  element can  b e  obtained.  Thils t h e  chemical 

t e x t u r e  of amorphous mater ia l  can be determined and used f c r  t h e  s a m e  

purposes as t h e  minera l  t e x t u r e  of c r y s t a l l i n e  aggregate .  

Geological sampling.--The most r e s t r i c t i v e  problem i n  p e t r o l o g i c a l  

a n a l y s i s ,  as i n  most geologica l  a n a l y s i s ,  is sampling. The informat ion  

obta ined  from t h e  most met iculous a n a l y s i s  can be no more r ep resen ta -  

t i ve  of the rock than  are t h e  samples c o l l e c t e d .  The methodology of 
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sampling w i l l  t h e r e f o r e  be  c a r e f u l l y  examined i n  t h e  present  s tudy .  

The f i rs t  c r i t e r i o n  i n  s e l e c t i n g  sampling programs must be t h e  v a l i d i t y  

of t h e  programs i n  r e l a t i o n  t o  d e t a i l  sought i n  t h e  a n a l y s i s ,  

types  of sampling programs, geometric and s u b j e c t i v e ,  and combinations 

of t h e s e  programs are poss ib l e .  

Two 

The f i r s t  type  is geometric (o r  random) sampling. A geometric 

sampling program i s  random i f  no weight i s  given t o  f e a t u r e s  of t h e  

sampled area. This  i s  t h e  sense i n  which geometric sampling i s  taken 

i n  t h i s  r e p o r t ,  

t r a i n i n g  of t h e  sampler and is  s e t  up independently of t h e  geology of 

area t o  be sampled, except f o r  cons idera t ions  of t h e  s c a l e  of i t s  

geo log ica l  he t e rogene i ty ,  Samples are c o l l e c t e d  a t  nades of a pl-e- 

determined g r i d ,  along r a d i i  extending from a s t a r t i n g  p c i n t ,  o r  i n  

some o the r  geometric conf igura t ion ;  o r  are s e l e c t e d  a t  d i s t ances  and 

azimuths determined by random select ion. .  

This  t ype  of sampling program presupposes no geologic  

Geometric sampling has its g r e a t e s t  va lue  where v a z i a t i e n s  i n  t h e  

p r o p e r t i e s  of samples a r e  below l e v e l s  d i s t i n g u i s h a b l e  by t h e  f i e l d  

observer .  It is a l s o  a very use fu l  t y p e  of sampling Fxagram where 

t r e n d s  o r  v a r i a t i o n  p a t t e r n s  may be present  t h a t  a r e  not r e a d i l y  appar- 

e n t  t o  t h e  observer .  This  type  of sampling program wcilld thus  be most 

va luab le  i n  a p e t r o l o g i c a l l y  monotonous t e r r a n e .  I n  a geologic  t e r r a n e  

i n  which r e a d i l y  observable  v a r i a t i o n  i n  rock types  i s  t h e  riles an  

i n f l e x i b l e  geometric sampling program w i l l  not  sample each rock type  wi th  

equal  e f f i c i e n c y .  These programs give unbiased information concerning 

t h e  p r o p e r t i e s  of areas, but  t h e  lack of b i a s  immediately prec ludes  an 

- 73 - 



equiponderance of information on rock types  of equal  i n t e r e s t ,  but  

d i f f e r i n g  a r e a l  e x t e n t s .  

The e f f i c i e n t  u s e  of a geometric sampling program t o  supply pe t ro -  

l o g i c a l  information on va r ious  rock  types  r e q u i r e s ,  f i r s t  t h a t  t h e  rock 

types  be recognized, t hen  t h a t  u n i t s  be  de l inea ted ,  and f i n a l l y  t h a t  a 

sampling program be set up f o r  each u n i t .  This  p r e d i c a t e s  t h a t  most of 

t h e  d e s i r e d  information be c o l l e c t e d  be fo re  t h e  sampling program i s  set 

up,  de fea t ing  t h e  very  purpose of t h e  sampling program i t s e l f .  

Geometric sampling i s  u s u a l l y  employed as a mathematical  a i d  

i n  s t a t i s t i c a l  a n a l y s i s  of d a t a  concerning a s p e c i f i c  area; f o r  i n s t ance  

i n  t h e  search f o r  hidden o r e  bodies .  Because on t h e  Moon, w e  s h a l l  be 

immediately concerned wi th  a l l  types  of rocks  e x i s t i n g  w i t h i n  S J ~  

farme of opera t ion  and t h e  ex ten t  of v a r i a t i o n  i n  t h e i r  p x p e r t i e s ,  

be used only i n  t h e  case  where pre l iminary  observa t ions  show no appre- 

c i a b l e  changes i n  t h e  m a t e r i a l  t o  be s tud ied .  

S c i e n t i f i c  s u b j e c t i v e  sampling i s  an ex tens ion  of geometric s a m -  

p l i n g  (objec t ive  sampling i n  t h e  s t a t i s t i c a l  sense) .  In a s u b j e c t i v e  

sampling program, t h e  sampler i s  us ing  h i s  t r a i n i n g  and obse rva t iona l  

powers t o  con t inua l ly  compare t h e  rocks being observed. 

a b l e  t o  judge what are t h e  most important samples t o  c o l l e c t  fcir t h e  

purposes of t h e  miss ion ,  t o  extend h i s  observa t ions  o u t s i d e  t h e  a r ea  

of immediate occupancy, and t o  eva lua te  v a r i a t i o n s  i n  h i s  observa t ions .  

This  t y p e  of program w i l l  g ive  a g r e a t e r  amount of information than  t h e  

H e  i s  t h u s  

I more r e s t r i c t i v e  geometric t ype ,  p a r t i c u l a r l y  when sampling t i m e  i s  
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l i m i t e d .  The f a c t  t h a t  samples  a r e  taken  s u b j e c t i v e l y ,  and not  a t  

predetermined p o i n t s  i n  a geometr ical  scheme, does not  d e t r a c t  from 

t h e i r  p e t r o l o g i c a l  s ign i f i cance .  These samples should be descr ibed  

i n  r e l a t i o n  t o  t h e i r  environment, but  may s t i l l  be used t o  ana lyze  

(by s t a t i s t i c a l  methods i f  des i red)  p e t r o l o g i c a l  v a r i a t i o n s .  

A s u b j e c t i v e  sampling program i s  l imi t ed ,  of course ,  by t h e  

powers of observa t ion  of t h e  s a m p l e r .  

t ime-scheduled as can  a geometric program, owing t o  a necessary  f l e x -  

i b i l i t y  i n  t h e  f a c e  of unpredic tab le  geo log ica l  condi t ions .  

It cannot be as completely 

Within t h e  framework of any type of sampling program, t h e  ques t ion  

of what c o n s t i t u t e s  a p e t r o l o g i c a l l y  s i g n i f i c a n t  sample must be answered. 

I n  d i s t i n c t  geo log ica l  rock types  t h i s  ques t ion  i s  most e a s i l y  answered 

by an  on-the-spot dec i s ion .  

(such as m u l t i l i t h i c  b r e c c i a s  o r  deb r i s  from craters) ,  t h e  s i z e  and 

number of t h e  c o n s t i t u e n t  p a r t i c l e s  w i l l  determine t h e  s i z e  of a s i g -  

n i f i c a n t  sample. I n  t h i s  t ype  of material some form of channel, sampling 

(with t h e  accu ra t e  l o c a t i o n  of i nd iv idua l  p a r t s  of t h e  sample) w i l l  be 

necessary  t o  completely account fo r  t h e  p e t r o l o g i c  v a r i a t i o n  w i t h i n  

t h e  rock type .  l n  very  monotonous mater ia l ,  poss ib ly  any s m a l l .  p i e c e  

w i l l  be  a r e p r e s e n t a t i v e  sample. 

I n  extremely heterogeneous rock types  

Some of t h e  i n v e s t i g a t i o n s  and tests of t h e  p r o j e c t  are r e l a t i n g  

sampling programs and types  of s a m p l e s  t o  p a r t i c u l a r  geologic  f e a t u r e s :  

1. The use fu lness  and s t a t i s t i c a l  v a l i d i t y  of v a r i o u s  

geometric sampling programs i n  monotonous t e r r a n e s  

are being inves t iga t ed .  
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2 .  Preplanned sampling traverses are being combined wi th  

sub jec t ive  sampling methods on known geologic  f e a t u r e s .  

Minimum sampling d e n s i t i e s  are being t e s t e d  i n  areas of 

known geologic  d e t a i l ;  t h e  only r e s t r i c t i o n  being placed 

on movement i s  t h e  establ ishment  of e x t e r n a l  boundaries.  

This  type  of sampling might be used t o  provide back-up 

information f o r  an a s t ronau t  wi th  l i m i t e d  f i e l d  exper ience  

working on a p a r t i c u l a r  geologic  f e a t u r e .  It would be 

supplementary t o  a s u b j e c t i v e  sampling program c a r r i e d  

on simultaneously.  

3 .  

4 .  The p e t r o l o g i c  s i g n i f i c a n c e  of d i f f e r e n t  types  of samples 

i s  being t e s t e d  empi r i ca l ly  and t h e o r e t i c a l l y  i n  r e l a t i o n  

t o  the  he te rogenei ty  of t h e  rock  sampled. 

during LEM/Shelter and mobile l abora to ry  miss ions ,  and 

t h e  e f f e c t  t h e s e  techniques w i l l  have on s e t t i n g  up 

sampling programs are being eva lua ted .  
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Lunar Explorat ion Instrumentat  ion  

The Lunar F i e l d  Geological  Methods p r o j e c t  i s  conducting f e a s i b i l i t y  

s t u d i e s  on s e v e r a l  types  of f i e l d  ins t rumenta t ion  t h a t  may be u s e f u l  

dur ing  lunar  s u r f a c e  explora t ions .  With t h e  a s s i s t a n c e  of R. M. Batson, 

R.  R. Blecka, E. E. Bu t l e r ,  D. W. Dodgen, and E .  L. P h i l l i p p i ,  t h e  con- 

c e p t s  of t h e  ins t rumenta t ion  are being developed and working pro to types  

cons t ruc t ed  f o r  u se  and t e s t i n g  during mission development s t u d i e s .  

Progress  r e p o r t s  on t h e  s t a t u s  of t h e  ins t rumenta t ion  s t u d i e s  are given 

below. 

Surveying S t a f f  

(H. H. Schmit t )  

The b a s i s  of t h e  lunar  surveying s t a f f  concept i s  t h e  n e c e s s i t y  

of ob ta in ing  a s c i e n t i f i c  record  of an a s t r o n a u t ' s  t r a v e r s e ,  and of 

ob ta in ing  t h e  s p a t i a l  r e l a t i o n s  of d a t a  p o i n t s  i n  t h i s  record .  The 

i n i t i a l  e f f o r t  has  been t o  develop and test  a manually opera ted  s t a f f .  

By v e r b a l  t ransmiss ion  of d a t a  on o r i e n t a t i o n  and p o s i t i o n ,  t h i s  s t a f f  

can  provide  s u f f i c i e n t  information t o  e s t a b l i s h  t h e  p o s i t i o n  and o r i e n t a -  

t i o n  of t h e  a s t ronau t  

The b a s i c  p i eces  of equipment f o r  a manually opera ted  s t a f f  inc lude :  

1. 

2 .  Sing le -ax i s  pendulum cl inometer  

3 .  Two orthogonal  l i n e  bubble l e v e l s  mounted belaw and 

Sun compass wi th  a r e a r  s igh t  

p a r a l l e l  t o  sun compass d i a l  ( f o r  lunar  work, t h i s  

arrangement would probably need t o  be rep laced  by a 

hemisphere-bal l ,  mu l t i - ax i s  c l inometer ;  a two-axis,  

pendulum c l inometer ;  or a gyroscopic c l inometer )  
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4 .  Film camera wi th  i t s  o p t i c  a x i s  perpendicular  t o  t h e  

s t a f f  and p a r a l l e l  t o  t h e  s i g h t  on t h e  sun compass. 

5.  V e r t i c a l l y  mounted o p t i c a l  range f i n d e r ,  o r  a tele- 

scope wi th  s t ad ia -ha i r  s 

A su r face  scraper  and a scoop on t h e  end of che s t a f f  

a i d  i n  t h e  removal and sampling of loose  material .  

6 .  

The l imi t ed  amount of t i m e  a v a i l a b l e  f o r  lunar  s u r f a c e  ope ra t ions  

makes it d e s i r a b l e  t h a t  geo log ica l  surveying t a s k s  be performed auto-  

m a t i c a l l y  whenever p o s s i b l e ,  In  order  t o  accomplish t h i s ,  t h e  follow- 

ing  instrument systems are included i n  a concept f o r  an automated 

surveying s t a f f :  

1. Telev is ion  system, 

2. Stereometr ic  f i l m  camera or  s t e reomet r i c  e l e c t r o -  

3 .  Orienta t ion  system. 

4 .  Phys ica l  p r o p e r t i e s  measurement modules 

5. Tracking system. 

The hand o r i en ted  instruments  r equ i r ed  t o  o b t a i n  t he  p r ime  image 

d a t a  of t h e  f i n e  s t r u e t a r e  of t h e  h n a r  s u r f a c e  are b e s t  i:t.illzed 

near  eye l e v e l ,  The inco rpora t ion  of t h e s e  ins t ruments  i n t o  t h e  head 

of a surveying s t a f f ,  whose p o s i t i o n  and o r i e n t a t i o n  ac  a given t i m e  

are accura t e ly  and au tomat ica l ly  determined, permi ts  cZza a s t r o n a t  ta 

d i r e c t  t a l e n t s  and energy toward h i s  f i e l d  i n v e s t i g a t i o n s ,  knowing 

t h a t  c e r t a i n  p a r t s  of t h e  d a t a  are c o l l e c t e d  au tomat ica l ly .  
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The accu ra t e  and automatic de te rmina t ion  of t h e  p o s i t i o n  and 

o r i e n t a t i o n  of t h e  surveying s t a f f  l o c a t e s  f e a t u r e s  descr ibed  o r  

sampled by t h e  a s t ronau t .  

a l lows  t h e  incorpora t ion  of phys ica l  p r o p e r t i e s  measurement modules 

i n t o  t h e  s t a f f  when requi red  f o r  s p e c i a l  traverses o r  materials. The 

u s e  of such modules would permit t h e  accu ra t e ,  s p a t i a l  a n a l y s i s  of 

magnetism, r a d i a t i o n ,  and s o i l  mechanics d a t a  r e l a t i n g  t o  near  su r face  

materials e 

The p o s i t i o n a l  and o r i e n t a t i o n a l  d a t a  a l s o  

The development of instruments t o  be included i n  t h e  automated 

surveying s t a f f  and i t s  support ing systems should emphasize t h e  modular 

b u i l d i n g  block approach f o r  both d a t a  a c q u i s i t i o n  systems and power 

sources .  This  concept provides  for  r a p i d  and simple replacement of 

one instrument  by another ,  a minimum of t r o u b l e  shoot ing  and r e p a i r  

equipment, and ease of instrument transport . ,  Modular systems and 

sub-systems a l s o  g ive  increased  a d a p t a b i l i t y  t o  changes i n  system 

requirements  o r  sub-system q u a l i t y .  

The u s e  of a surveying s t a f f  should be i n t e g r a t e d  wi th  t h a t  of 

a walker f o r  traverses over sur faces  with low t o  moderate r e l i e f ,  

The w a l k e r ' s  major func t ion ,  o the r  t han  phys ica l  suppor t ,  would be 

t o  c a r r y  samples and sample con ta ine r s .  It can se rve ,  i n  a d d i t i o n ,  

as a carr ier  f o r  t h e  s t a f f ,  e x t r a  power modules, and instrument modules. 

I n  some c a s e s ,  t h e  walker can serve  as a s t a b l e  p l a t fo rm f o r  geophysical 

modules and as a base  s t a t i o n  f o r  e lectromagnet ic  experiments.  The 

walker a l s o  would provide  a support  f o r  t h e  s t a f f  dur ing  s p e c i a l  su r -  

veying and photographic ope ra t ions ,  and ope ra t ions  t h a t  r e q u i r e  two 
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hands,  such as sampling. By t h e  u s e  of a t t ached ,  s p r i n g  wound l i n e s  

of given lengths ,  t h e  walker would provide a base s t a t i o n  f o r  photo- 

grammetric t r a v e r s e s  r e q u i r i n g  a c c u r a t e l y  measured base  l i n e s ,  

Explora t ion  Periscope 

( G o  A. Swann) 

A periscope on a s u r f a c e  spacec ra f t  he lps  f u l f i l l  several sc i en -  

t i f i c  and s a f e t y  requirements  of lunar  exp lo ra t ion .  

it al lows t h e  man i n  t h e  spacec ra f t  t o  be i n  d i r e c t  v i s u a l  c o n t a c t  

wi th  t h e  man on t h e  su r face  whenever necessary.  

a s s u r e  f i r s t - h a n d  observa t ion  and imagery of t h e  lunar  panorama, wi th  

accompanying geologic  and geomorphic d e s c r i p t i o n s  and i n t e r p r e t a t i o n s ,  

i n  t h e  event  t h e  a s t r o n a u t s  do not  l eave  t h e  spacec ra f t .  Di rec t  v i s u a l  

I n  p a r t i c u l a r ,  

The per i scope  w i l l  

. .  - - - r r + ~ ~ e  w i l l  enable  t h e  man i n  

t h e  spacecraLL L~ vbgLA- __._ 

l e f t  o f f ,  with a minimum of f a m i l i a r i z a t i o n  reconnaissance,  

through t h e  per i scope  w i l l  u t i l i z e  man's eye,  and thus  w i l l  not  have 

undergone t h e  image degsadat ion t h a t  i s  inherent  i n  o p t i c a l  and elec- 

t r o n i c  imaging systems. 

t h e r e f o r e  an e f f e c t i v e  back-up device  f o r ,  e l e c t r o n i c  imaging systems. 

To e f f e c t i v e l y  accomplish t h e  above goa l s ,  a L.EM per i scope  s h 3 ~ l d  

The view 

A per i scope  w i l l  be more rugged than ,  and 

have a t i l t i n g  head designed t o  a t t a i n  cont inuous t i l t  angles  between 

-15' and +45", and should be capable  of being r a i s e d  fcLr f; s i x  feec  

above t h e  top  of t h e  ascent  s t a g e  ( t h e s e  va lues  are s u b j e c t  t o  r e v i s i o n ,  

depending upon t h e  u l t i m a t e  p o s i t i o n  of t h e  per i scope  re la t ive  t o  t h e  
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LEN X a x i s ,  and t h e  f i n a l  conf igura t ion  of t h e  LEM and of o u t s i d e  

i n s t a l l a t i o n s  such as antennas) .  

r o t a t e d  360" about i t s  v e r t i c a l  a x i s  t o  g ive  a complete panoramic 

view. 

t o  8 X  magni f ica t ions  having 30" t o  7%' f i e l d s  of view, r e s p e c t i v e l y .  

These s p e c i f i c a t i o n s  a l s o  w i l l  s u i t  t h e  s p e c i a l  purposes o u t l i n e d  

below. 

It a l s o  should be designed t o  be 

Var iab le  power i s  d e s i r a b l e ,  wi th  powers on t h e  order  of 2X 

A per i scope  of t h e  above conf igu ra t ion  w i l l  permit both panoramic 

and s e l e c t e d  imagery of t h e  lunar  s u r f a c e  t h a t  can be e i t h e r  t r a n s -  

mi t t ed  e l e c t r o n i c a l l y  o r  re turned  on f i l m  o r  t a p e  f o r  geomorphic and 

geologic  d e s c r i p t i o n  and i n t e r p r e t a t i o n  on Earth.  It i s  expected 

t h a t  a good f i l m  camera would y i e l d  close-up r e s o l u t i o n ,  exceeding any 

e l e c t r o n i c  imaging device  on Ranger, Surveyor ,  o r  O r b i t e r ,  o r  any prac-  

t i c a l  f i l m  camera on Manned Orbi ter .  

developing f i l m  pack would enable  t h e  a s t r o n a u t s  t o  anno ta t e  t h e  photo- 

A camera equipped with a s e l f -  

graphs from d i r e c t  v i s u a l  observat ions concerning f e a t u r e s  t h a t  are 

e s p e c i a l l y  p e r t i n e n t  t o  a p a r t i c u l a r  problem o r  t h a t  are not  adequately 

por t rayed  on t h e  photographs.  

of t h e  f e a t u r e s  i n  t h e  photographs would then  be made upon r e t u r n  t o  

Ear th  i n  t h e  l i g h t  of t h e  annota t ions  and t h e  f e a t u r e s  v i s i b l e  on t h e  

photographs.  

r e s p e c t  t o  t h e  d e s c r i p t i o n s  made by t h e  man exp lo r ing  t h e  lunar  su r face .  

This  would be e s p e c i a l l y  u s e f u l  f o r  p l ac ing  descr ibed  f e a t u r e s  i n  t h e i r  

r e l a t i v e  p o s i t i o n s  dur ing  post  mission photogrammetric compi la t ion  of 

imagery obta ined  by o the r  methods, 

Detai led d e s c r i p t i o n s  and i n t e r p r e t a t i o n s  

Annotat ions could a l so  be made by t h e  man i n  t h e  LEM wi th  

I -  
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Ranges t o  s u r f a c e  f e a t u r e s  up t o  1000 f e e t  away could be obta ined  

through t h e  per iscope by an o p t i c a l  range f i n d e r  wi th  a h o r i z o n t a l  

base  of about 2.5 feet, The per i scope  would a l s o  have t o  be equipped 

wi th  a r e t i c l e  f o r  ob ta in ing  ver t ica l  angle ;  i f  p roper ly  designed and 

c a l i b r a t e d ,  t h i s  r e t i c l e  would permit use  of t h e  per i scope  as a tele- 

scopic  a l idade ,  The ranging device  should be capable  of ranging  t o  a 

d i s t a n c e  of a t  least  1000 f e e t ,  wi th  an  optimum accuracy of It 1 f o o t  

i n  1000 f e e t ,  bu t  wi th  an acceptab le  accuracy of 2 10 f e e t  i n  1000 

feet .  An accuracy of & 3,4  minutes of a r c  f o r  azimuth and v e r t i c a l  

angle  readings  i s  a l s o  d e s i r a b l e ,  but an accuracy of 2 34.0 minutes 

of arc i s  acceptab le .  

from t h e  LEM t o  a maximum d i s t a n c e  of about 1000 f e e t ,  and ripon a 

mmnine.  s c a l e  chosen t o  be somewhere between 1 ~ 4 8 0  and 1:1200, An 

These accuracy va lues  are based upon t r a v e r s e s  

smallest  ob jec t  t h a t  can  be  shown on a map scale of 1:480,  

An imaging system should be a t t ached  t o  t h e  per i scope  so that. 

d i s t a n c e s  and e l e v a t i o n s  can  be obtained a f t e r  r e t u r n  t u  k a r t h ,  'The 

p r e c i s i o n  s t a t e d  above can be  a t t a i n e d  by monoscopic ccrnparatc.r cr 

photo theodol i te  methods a Obscuration of t h e  nearby lunar s u r f a c e  

by t h e  t o p  of t h e  LEM, and r e s t r i c t i o n  of t h e  base  of the o p t i c a l  

range f inder  t o  some p r a c t i c a l  l eng th ,  would probably p r o h i b i t  pboto- 

grammetric compilat ions from s t e r e o  p a i r s  taken  through t h e  per i scope;  

t h e s e  p a r t s ,  however, would be u s e f u l  f o r  geologic  and geomorphic 

i n t e r p r e t a t i o n s  on Ear th  by photogeologic methods. 

~ 
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Probably t h e  b e s t  arrangement f o r  u s ing  t h e  per i scope  as p a r t  of 

a photogrammetric system would be t h e  placement of c l i p s  f o r  a compatible 

imaging system around t h e  base of t h e  LEM descent  s t a g e  from which a 

near-ground panorama could be obtained. 

w i t h  panoramic photographs taken  through t h e  per i scope  f o r  photogrammetric 

compilat ion,  and would have a ver t ical  base on t h e  o rde r  of 15 f e e t .  

With t h i s  system, photogrammetric measurements with reasonable  accuracy 

could be made i n  t h e  a r e a  between 25 and 300 f e e t  from t h e  LEM depending 

l a r g e l y  on t h e  imaging, per i scope  and photogrammetric compilat ion sys-  

t e m s  employed. 

These photographs could be used 

An automatic t r ack ing  device  t h a t  would keep t h e  a s t ronau t  on t h e  

s u r f a c e  w i t h i n  v i e w  of t h e  per iscope i s  desirable . ,  An imaging system 

connected t o  t h e  per i scope  would then  provide s u r v e i l l a n c e  of t h e  

su r face  work being conducted. 

view t h e  man on t h e  su r face  a t  any t i m e  without  f i r s t  search ing  for  

h i s  p o s i t i o n .  

of range ,  bear ing ,  and v e r t i c a l  angle  information t a  Ear th  wodld p e r m i t  

d a t a  compilat ion dur ing  t h e  mission. 

by feeding  t h e  information through a computer and compiling r h e  map 

wi th  an  X-Y p l o t t e r ,  u s ing  range and e l e v a t i o n  and azimuth angles  with 

r e s p e c t  t o  t h e  LEM. 

I n  add i t ion ,  t h e  man i n  t h e  LEM cos ld  

An automatic readout device  f o r  c:ntinii=lus t ransmiss ion  

This  could be done m o s t  r a p i d l y  

An o p t i c a l -  and s tad ia- ranging  per i scope  capable  of 2X/3Oo, 4 X / 1 5 " ,  

and SX/7k0 magnif ica t ion  and f i e l d  of v i e w  i s  being cons t ruc t ed  by t h e  

Branch of Astrogeology. The per iscope w i l l  r o t a t e  through 360" and 

tilt from -15" t o  +45", and w i l l  have an o p t i c a l  range f i n d e r  wi th  
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a 28" base.  

development s tud ie s  f o r  both Apollo and post-Apollo missions.  

purpose is  t o  f a m i l i a r i z e  t h e  g e o l o g i s t s  involved wi th  t h e  c o n s t r a i n t s  

imposed by a per i scope  during t h e  monitor ing of lunar  f i e l d  work, and 

t o  provide a f i r m  b a s i s  f o r  recommendations concerning t h e  f u n c t i o n a l  

s p e c i f i c a t i o n s  f o r  a per i scope  t o  be used i n  geologic  e x p l o r a t i o n  on 

t h e  Moon. 

This  per i scope  i s  being designed f o r  s c i e n t i f i c  miss ion  

I t s  



LUNAR FIELD GEOPHYSICAL METHODS 

i .  

I n  t r oduc t ion  

T i m e  and information surveys conducted a t  s i x  test sites comprised 

t h e  i n i t i a l  phase of t h e  Lunar F ie ld  Geophysical Methods s tudy.  The 

test si tes were on t h e  Kana-a lava flow, S. P. l ava  flow, and Bonito 

lava flow, a l l  i n  no r the rn  Arizona; and t h e  South Coulee lava  flow and 

Ash F l a t s  c inder  ash a t  Mono Cra te r s ,  and Bishop Tuff ,  welded t u f f  area, 

a l l  i n  C a l i f o r n i a .  

The f i e l d  surveys were conducted t o  determine t h e  amount of t i m e  

and e f f o r t  r equ i r ed  t o  c o l l e c t  geophysical d a t a ,  eva lua te  i t s  s c i e n t i -  

f i c  u se fu lness ,  and determine p o t e n t i a l  problems inherent  i n  t e r res t r ia l  

geophysical  methods when appl ied  t o  lunar  exp lo ra t ion .  The s i x  test  

si tes af forded  a v a r i e t y  of terrains s imi l a r  t o  expected lunar  t e r r a i n s .  

Gravi ty  meter and magnetometer traverses were l a i d  out  and su r -  

veyed f o r  l o c a t i o n  and re la t ive  e l eva t ions  of t h e  instrument s t a t i o n s .  

The t r a v e r s e s  v a r i e d  i n  length  from 1000 t o  2000 f e e t  and represented  

t y p i c a l  geophysical  traverses across  t h e  given area r a t h e r  than  t h e  

roughest  o r  smoothest area ava i l ab le .  Two-hundred f o s t  segments of 

fou r  traverses w e r e  surveyed f o r  e l eva t ions  i n  two-foot  incremencs t o  

enable  a s tudy of t e r r a i n  d i f f i c u l t y .  The p o r t a b l e  seismic tests 

were conducted along t h e  g r a v i t y  meter and magnetometer t r a v e r s e s  

but  were not  surveyed. 

Operation of t h e  t h r e e  instruments used w e r e  d iv ided  i n t o  i n d i v i -  

dua l  s t e p s  and 2 t o  3 were timed s tep-by-step through t h e  complete 
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traverse o r  opera t ion  performed. 

dev ia t ions  w e r e  computed f o r  each test and t h e  r e s u l t s  have been tabu-  

l a t e d  and graphed. 

r e p o r t  and t h e  accompanying documentary f i l m .  

a t  Kana-a, S.  P . ,  and Bonito flows were r e r u n  t o  determine t h e  e f f e c t  

of ope ra to r  experience on t r a v e r s e  t i m e .  

graphed f o r  eva lua t ion  of i t s  use fu lness  i n  s h o r t  traverses. 

meter , magnetometer, s c i n t i l l a t o r  and p o r t a b l e  seismic opera t ions  w e r e  

recorded on f i lm ,  some of which accompanies t h i s  r e p o r t .  

T o t a l  ' t i ~ s ,  means and s tandard  

The more s i g n i f i c a n t  r e s u l t s  are included i n  t h i s  

Gravi ty  meter t r a v e r s e s  

Data were t a b u l a t e d  and 

Gravi ty  

Progress  t o  Date 

Approximately two- th i rds  of t h e  planned t i m e  and information 

s t u d i e s  f o r  t h e  Lunar F i e l d  Geophysical Methods p r o j e c t  are now com- 

each opera t ion ,  d a t a  q u a l i t y ,  opera tor  exper ience ,  t e r r a i n  airricusLy 

and usefu lness  of d a t a .  The p o r t a b l e  seismograph s tudy of t i m e s  re- 

qui red  f o r  each ope ra t ion ,  and t e r r a i n  d i f f i c u l t y  are now complete. 

The magnetometer s tudy  is  complete f o r  t e r r a i n  d i f f i c u l t y  and p a r t i a l l y  

complete f o r  t i m e s  r equ i r ed  f o r  each opera t ion .  The ope ra t ion  of 
h 

t h e  s c i n t i l l a t i o n  counter  i s  similar t o  t h a t  of t h e  magnetometer, 

t h e r e f o r e  the  s c i n t i l l a t i o n  counter  w i l l  be used only i n  t h o s e  areas 

where depos i t s  of r a d i o a c t i v e  materials are known o r  suspected t o  

occur.  
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Gravity Meter Tests 

I -  

* 

Instrument 

A Worden Master g r a v i t y  meter w a s  used f o r  t h e  g r a v i t y  s t u d i e s ,  

This  g r a v i t y  meter i s  a s e n s i t i v e  sp r ing  balance system encased i n  an  

i n s u l a t i n g  vacuum f l a s k  which incorpora tes  a low power hea t ing  element 

t o  p r o t e c t  t h e  g r a v i t y  meter from temperature  changes. This  m e t e r  i s  

capable  of i n d i c a t i n g  changes i n  grav i ty  of approximately one u n i t  i n  

one hundred m i l l i o n .  It is set on t h r e e  l e v e l  screws b u i l t  i n t o  t h e  

meter base t o  enable  f i n e  adjustments i n  t h e  l e v e l i n g  of t h e  instrument;  

a long i tud ina l  l e v e l  and a t r ansve r se  l e v e l  are b u i l t  i n t o  t h e  t o p  of 

t h e  meter, 

t a i n i n g  a bu l l seye  bubble f o r  rough l eve l ing .  

8 pounds The meter i s  equipped with a v isua l - readout  t u r n s - i n d i c a t  i ng  

d i a l  and a reset c o n t r o l  t o  a l low a wide reading  range and t h e  viewing 

system c o n s i s t s  of an eyepiece  assembly and an i l lumina ted  r e t i c l e  

i n s c r i b e d  wi th  r e fe rence  l i n e s .  

The meter i s  set on a 2% pound t r i p o d  su r face  p l a t e  con- 

The metes a lone  weighs 

The meter i s  read  by t h e  observer looking through t h e  microscope 

eyepiece  a t  a l i n e  of l i g h t  r e f l e c t e d  from t h e  beam t o  t h e  re t ic le .  

The t u r n s - i n d i c a t i n g  d i a l  i s  ad jus ted  u n t i l  t h e  beam is  centered  on 

t h e  r e t i c l e  c e n t e r  l i n e  o r  i n  n u l l  pos i t i on  and then  t h e  d i a l  i s  read  

i n  hundreds,  t e n s ,  u n i t s ,  and t e n t h s .  The d i a l  readings  are m u l t i p l i e d  

by a conversion f a c t o r  t o  change t h e  d i a l  readings  t o  m i l l i g a l s .  

Method of Operat ion 

The ope ra t ion  of t h e  g r a v i t y  meter was divided i n t o  t h e  fo l lowing  

s i x  b a s i c  s t e p s :  
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Step  1: travel . - -The g r a v i t y  meter i n  t h e  c a r r y i n g  case i s  c a r r i e d  

i n  one hand by t h e  opera tor  and t h e  t r i p o d  i s  c a r r i e d  i n  t h e  o the r  hand. 

I n  our t es t s ,  t h e  opera tor  walked one hundred f e e t  t o  t h e  f i r s t  g r a v i t y  

reading  setdown. 

S tep  2: setdown.--The opera tor  knee ls  on one knee, sets t h e  c a r r y -  

ing  c a s e  on the  ground, then  t h e  t r i p o d  su r face  p l a t e  i s  emplaced i n  

o r  on t h e  su r face  of t h e  ground and roughly l eve led  u t i l i z i n g  t h e  

bu l l seye  l e v e l  i n  t h e  c e n t e r  of t h e  p l a t e .  The ca r ry ing  case  i s  opened 

and t h e  g rav i ty  m e t e r  i s  c a r e f u l l y  l i f t e d  out of t h e  case, and placed 

on t h e  t r i pod  s u r f a c e  p l a t e .  The i n t e r i o r  viewing l i g h t  i s  tu rned  on 

and t h e  meter i s  roughly leve led  by cen te r ing  i t  on t h e  p l a t e .  

S tep  3: level.--The opera tor  levels t h e  g r a v i t y  m e t e r  by a d j u s t i n g  

S tep  4 :  adjust . - -The opera tor  looks through t h e  microscope eye- 

p i ece  and a d j u s t s  t h e  beam u n t i l  it i s  i n  n u l l  p o s i t i o n  by t u r n i n g  t h e  

tu rns - ind ica t ing  d i a l  wi th  h i s  r i g h t  hand. 

S tep  5: read  and reread.--The opera tor  r eads  t h e  t u r n s - i n d i c a t i n g  

d i a l ,  t u r n s  t h e  d i a l  counter  clockwise one-half  t u r n ,  looks i n t o  t h e  

eyepiece again,  r e a d j u s t s  t h e  beam t o  a n u l l  p o s i t i o n ,  and r e reads  

t h e  tu rns - ind ica t ing  d i a l .  

d i a l  d i v i s i o n s  (about 0.03 mgal) of t h e  f i r s t  read ing ,  t h i s  s t e p  i s  

completed. I f  n o t ,  t h e  beam i s  r ead jus t ed  and t h e  d i a l  r e r ead  u n t i l  

a given reading i s  repea ted  wi th in  t h r e e - t e n t h s  of a s c a l e  d i v i s i o n .  

I f  t h e  reading  i s  wi th in  t h r e e - t e n t h s  
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Step  6 :  pickup.--The operator t u r n s  o f f  t h e  viewing l i g h t ,  p i cks  

up t h e  g r a v i t y  meter i n  both hands, p l aces  t h e  meter i n  t h e  c a r r y i n g  

c a s e  and c l o s e s  t h e  c a s e ,  He then p i cks  up t h e  t r i p o d  su r face  p l a t e  

i n  one hand and t h e  ca r ry ing  case  i n  t h e  o the r  and s t ands  up t o  walk 

t o  t h e  next g r a v i t y  s t a t i o n .  

These s i x  s t e p s  are then  repea ted  by t h e  number of g r a v i t y  s t a t i o n s  

on t h e  t r a v e r s e .  An observer times t h e  s t e p s  and r eco rds  t h e  readings .  

Four ope ra to r s  were used on t h e  v a r i o u s  g r a v i t y  m e t e r  tes ts .  

None were i n i t i a l l y  experienced i n  t h e  ope ra t ion  of g r a v i t y  meters. 

No. 1 was 36 y e a r s  o l d ,  6 f e e t  2 inches t a l l  and weighed 195 pounds. 

H e  performed 2 tes ts .  No 2 was 44 years o l d ,  5 f e e t  8% inches t a l l  

and weighed 175 pounds. He performed 5 tes ts .  No, 3 w a s  26 yea r s  

o l d ,  5 f e e t  7 inches  t a l l  and weighed 150 pounds. He performed 14 

tes t s .  No, 4 w a s  19 yea r s  o l d  5 f ee t  11% inches  t a l l  and weighed 

190 pounds, This  ope ra to r  performed 1 tes t .  A t o t a l  of 22 t i m e  and 

informat ion  tes t s  were performed with t h e  g r a v i t y  meter. 

F igure  8 shows mean t i m e s  requi red  by Operator No. 3 fax. each 

s t e p  of t h e  g r a v i t y  meter ope ra t ion  on each of t h e  flows stcldied. 

It is  i n t e r e s t i n g  t o  note  t h a t  t h e  highest  t i m e s  w e r e  r equ i r ed  f o r  

a l l  s t e p s  on t h e  South Coulee flow, with t h e  except ion  of t r a v e l  t i m e s ,  

which w e r e  s l i g h t l y  g r e a t e r  on Bonito flow. The instrument ope ra to r s  

b e l i e v e  t h a t  slower t r a v e l  t i m e s  on Bonito flow were caused by t h e  

cau t ious  manner i n  which t h e  ope ra to r  t r a v e r s e d  t h e  jagged l ava  of 

t h i s  flow. 

F igu re  9 shows t h e  s tandard  dev ia t ion  of t i m e s  r equ i r ed  f o r  Operator 

No. 3 f o r  each s t e p  of t h e  g r a v i t y  meter ope ra t ion .  Data presented  
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below suggest t h a t  i t  i s  poss ib l e  t o  p r e d i c t  t h e  roughness of t h e  

t e r r a i n  and c o r r e l a t e  t h e  roughness of t h e  t e r r a i n  wi th  t h e  t i m e s  

r equ i r ed  f o r  t r a v e r s i n g  by an a s t ronau t .  

missions it would be w e l l  t o  t a k e  t h e  average t i m e  ac ross  s imilar  ter-  

r a i n  on t h e  Ear th  and add one o r  more s tandard  dev ia t ions  t o  t h i s  

average t i m e  t o  i n s u r e  t h a t  t h e  a s t ronau t  w i l l  be a b l e  t o  s a t i s f a c t o r i l y  

complete h i s  mission.  

During planning of t h e  a c t u a l  

----uIL1.l u ~ i r i c u l t y  but  because of one inexperienced opera tor  

who r a n  h i s  f i r s t  g r a v i t y  t r a v e r s e  on t h e  flow. Neglect ing h i s  long 

opera t ion  t i m e s  on t h e  flow, t h e  d a t a  shows t h a t  t h e  next  Lcngest 

t o t a l  average t i m e  i s  238.7 seconds. 

F igure  10 shows comparison of t r a v e l  t i m e  t c  t o t a l  -perari;n 

t i m e  f o r  t h e  s ix  s i tes  t e s t e d .  

Data Qual i ty  

Accurately reading  t h e  g r a v i t y  m e t e r  r e q u i r e s  experience and 

f i n e s s e  on t h e  p a r t  of t h e  ope ra to r .  

i n  t h e  n u l l  po in t ,  t h e  c o r r e c t  sens ing  of t h e  h y s t e r e s i s  cf t h e  beam, 

and t h e  l eve l ing  a l l  c o n t r i b u t e  t o  a good reading .  The f a i l u r e  ef 

The alignment of t h e  h a i r l i n e  

-~ ~~ 
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Table 6 .  --Average g r a v i t y  meter ope ra t ion  t i m e s  f o r  v a r i o u s  ope ra to r s  

Oper- S e t  Read & 
Date P lace  a t o r  Down Level Adjust Reread Pickup Travel  T o t a l  

8120164 Kana-a 1 16.9 38.1 32.0 17.0 8 - 4  23 ,7  136.1 

3 17.2 43 .0  34 .2  14.7 9 .1  24.3 142.5 

3 12 .4  30.0 24.0 27.2 8.0 19 .1  120.8 

- - _ s _ . - -  --- - 

Flow 
8120164 II 

‘(I 8 /  261 64  

8 126 164 I! 4 11.8 35.8 26 .9  27 .1  9 . 1  20.7 131.5 

1112 164 !I 3 11.5 20.5 18.7 25.9 6 , 4  21.1 104 ,2  

9 / 3 / 6 4  SP Flow 1 31.4 66.4 26 .3  50.6 1 1 . 9  5 2 * 1  238.7 

9 / 4 / 6 4  11 2 40 .2  201.0 51 .4  82 .9  9.9 67 .1  452.7 

1 1 / 5 / 6 4  I !  2 39.8 39.9 34.5 45 .2  8.0 4 6 , 4  214.0 

1115 164 I! 3 2 5 , 5  22.7 22.1 29.6 6.2 39.8 146 .1  

9 / 8 / 6 4  Bonito 2 38.7 91.4 39.2 28.8 9.3 105.4 313.0 

9 / 8 / 6 4  II 3 27 .3  38,O 26.9 18 ,5  7 , 8  122.9 249.4 

11 / 2 164 1 1  2 34.8 34.4 37.3 30.1. 8 * C  3(-’2 3 2Lc6 .l 

1 1 / 2 / 6 4  11 3 2 3 , 3  20.7 23 .4  29.6 ,’ 0 1 9 5 , l  195.7  

1 0 / 1 / 6 4  South 3 40 .2  52.1 43.3 6 8 , ?  8 , 3  7 i , 4  288.3 

1 0 / 1 / 6 4  II 3 24.5 60.0 33.4 6 5 , 9  9.. 3 6 6 , 8  260 ,9  

101 1 / 6 4  1 1  3 30.9 47 .4  32.5 7 0 . 1  9.1 6$.,8 256.0 

1 0 / 7 / 6 4  Ash 3 1 1 . 7  18.4 19 .0  31.4 5 * 8  2 5 , 4  115.0 

3 14.6 22.0 18.0 38 .1  6-1. 2 5 , i  k24 ,6  1 0 / 7 / 6 4  

2 21,O 27.2 26.9 6 4 , 9  .’ e 0 2 6 , 8  1 : 1 0 2  1017164 

1018164 Bishap 3 16,O 19.8 17.4 29 .9  5 . K  31.1 119.8 

Coulee 

F l a t s  
II 

II 

Tuff 

1018164 !I 2 1 6 , 8  15.1 15.4  2 9 , 3  5.6 2 9 , l  111.7 

3 14 .8  14.9 14.7 27 .4  6 .4  29.tr 1 c ;  . 5  1018164 !I 
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TIME IN SECONDS 
T 

100 200 
I 

KANA - A  

17% OF TOTAL TIME (CINDERS) 

S.f? FLOW 

23.9% OF TOTAL TIME (BLOCK Y LAVA) 

BONITO FLOW 

(JAGGED LAVA) 42.4 % OF TOTAL TIME 

SOUTH COULEE 

(BLOCKY LAVA) 25.8 70 OF TOTAL TIME 

MONO ASH FLATS 

20.1 W OF TOTAL TIME (CINDER ASH) 

GRAVITY METER 

Figure 10.--Comparison of walking t i m e  t o  t o t a l  ope ra t ion  t i m e  f o r  
g r a v i t y  meter ope ra t ions  
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t h e  ope ra to r  t o  o b t a i n  good readings  is r e f l e c t e d  i n  t h e  spread of 

v a l u e s  which he ob ta ins  a t  any given s i te .  

eva lua ted  ( see  f i g u r e  11) f o r  each s t a t i o n  t o  check t h e  o p e r a t o r ' s  

o v e r a l l  performance and t o  eva lua te  t h e  da t a .  

show t h e  average spread between two readings ,  X 

s t a t i o n .  A t  those  s t a t i o n s  where more than  two readings  w e r e  t aken ,  

each i n t e r v a l  w a s  assumed equal ly  l i k e l y  and a l l  i n t e r v a l s  were included 

i n  t h e  sum. For example, i f  t h e  meter w a s  read  t h r e e  t i m e s  and va lues  

X1, X2, and X 

w e r e  a l l  included i n  t h e  d a t a  f o r  a n a l y s i s .  

t h e  number of i n t e r v a l s  equals  t h e  number of combinations of N t h ings  

taken  two a t  a t i m e .  Each i n t e r v a l  w a s  weighted equa l ly  i n  t h e  f i n a l  

The spread  of va lues  were 

The graphs ( f i g u r e  11) 

1 and X2,  taken a t  each 

3 1 2 - x3 were obta ined ,  then  i n t e r v a l s  X - X2, XI - X3, and X 

I n  t h e  case  of N readings ,  

summat ion.  

It can be seen from t h e  d a t a  i n  f i g u r e  11 t h a t  t h e  i n t e r v a l s  

between readings  gene ra l ly  decrease wi th  t i m e .  However, it should be 

noted t h a t  t h e  t e r r a i n  on t h e  South Coulee was very d i f f i c u l t  t o  c r o s s  

whereas t h e  t e r r a i n  on t h e  Bishop Tuff w a s  f l a t  and unobstructed.  

Consequently, some of t h e  improvement i n  d a t a  may be due t o  t h e  b e t t e r  

terrain and t h e  b e t t e r  opportuni ty  f o r  t h e  opera tor  t o  f i n d  a good seat 

f o r  t h e  t r i p o d  and t h e  g r a v i t y  meter. Although t h e  d a t a  are incon- 

c l u s i v e ,  it appears  t h a t  some of t h e  p ro f i c i ency  gained during t h e  

i n t e n s i v e  f i e l d  work i n  e a s t e r n  C a l i f o r n i a  (South Coulee, Ash F l a t s ,  

and Bishop Tuff sites) as r e f l e c t e d  by decreased spreads  of v a l u e s ,  

was l o s t  during t h e  per iod  of t i m e  before  t h e  g r a v i t y  surveys of S .  P. 

f low and Bonito flow. 

- 95 - 
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Figure 11.--Average spread between pairs of readings observed on 13 
traverses between October and November, 1964 
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Operator Experience 

The ope ra to r s  t e s t e d  a l l  showed improvement i n  t o t a l  t i m e s  r equ i r ed  

Operator No. 3 r a n  t h e  g r e a t e s t  f o r  each opera t ion  and i n  d a t a  qua l i t y .  

number (14) of g r a v i t y  m e t e r  tests.  Table 7 shows mean t i m e s  r equ i r ed  

t o  perform t h e  va r ious  s t e p s  a t  a l l  s i x  s i tes ;  f i g u r e  12 shows t h e  

s tep-by-s tep  and t o t a l  t i m e  improvement experienced by Operator No. 

3 on Bonito and Kana-a flows. 

ienced by Operator No. 2.  Addi t ional  tests a t  t h e s e  si tes i n  t h e  f u t u r e  

w i l l  r e v e a l  t h e  t o t a l  amount of improvement poss ib l e .  

r educ t ions  i n  t o t a l  t i m e s  ranging up t o  28 percent  and a l s o  t h a t  t i m e  

r equ i r ed  f o r  l e v e l i n g  i s  where t h e  g r e a t e s t  improvement t akes  p lace .  

The experience f a c t o r  i n f luences  d i f f e r e n t  people i n  d i € f e r e n t  ways; 

f o r  example, Operator No. 3 improved h i s  travel.  t i m e  by 27 .8  seconds 

on Bonito flow whi le  Operator No. 2 improved his by only 3.1 seconds. 

However t h e  g r e a t e r  number of t r a v e r s e s  performed by ii)perat,r Nc. 3 

may exp la in  some of t h i s  d i f f e rence .  Detai led stcldies a t  one s i te  

wi th  an inexperienced opera tor  should r e v e a l  a r a p i d  i n i t i a l  i s p r s v e -  

ment wi th  a gradual  reduct ion  a s  t he  opera tor  becomes experienced. 

Figure 13 shows t h e  improvement exper-  

These d a t a  show 

T e r r a i n  D i f f i c u l t y  

Four of t h e  s ix  sites were surveyed along 200 €oat segments of 

t h e  traverses wi th  e l e v a t i o n s  determined a t  i n t e r v a l s  of 2 f e e t .  

These p r o f i l e s  are shown i n  f i g u r e s  1 4 ,  15, 16 ,  and 1 7 .  The B m i t o  

flow, i n  t h e  opinion of t h e  opera tors ,  i s  t h e  most d i f f i c u l t  f o r  opera- 

t i o n s ,  This  opinion is  confirmed by t h e  t r a v e l  t i m e s  which show t h a t  

42 percent  of t h e  t o t a l  t i m e  requi red  f o r  opera t ion  w a s  r equ i r ed  f o r  
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Table 7.--Mean t i m e s  r equ i r ed  t o  perform v a r i o u s  s t e p s  of g r a v i t y  m e t e r  
ope ra t ion  on 

S e t  
P lace  Down - -  Date - 

8/20/64 Kana-a 17.2 

11 8/26/64 12.4 

9/8/64 Bonito 27.3 
Flow 

10/1/64 South 40.2 
Coulee 

11 10/1/64 24.5 

11 l o /  1/64 30.9 

10/7/64 Ash 11.7  
F l a t s  

Tuff 

16.8 11 10 /8 164 

14.8 10/8/64 11 

11/2/64 Kana-a 11.5 

11/2/64 Bonito 23.3 

11/5/64 S.P. 25.5 

14 t r a v e r s e s  by Operator No. 3 

Leve 1 

43.0 

30.0 

38.0 

52.1 

60.0 

47.4 

18.4 

22.0 

15.1 

14.9 

20.5 

20.7 

22.7 

Ad j u s t  

34.2 

24.0 

26.9 

43.3 

33.4 

32.5 

19.0 

18.0 

15.4 

14.7 

18.7 

23.4 

22.1 
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Read & 
Reread 

14.7 

27.2 

18.5 

68.7 

65.9 

70.1 

31.4 

38.1 

29.3 

27.4 

25.9 

29.6 

29.6 

Pickup 

9.1 

8.0 

7.8 

8.3 

9.3 

9.1 

5.8 

6.1 

5.6 

6.4 

6.4 

7.1 

6.2 

Travel T o t a l  

24.3 142.5 

19.1 120.8 

122.9 249.4 

75.4 288.3 

66.8 260.9 

65.8 256.0 

28.4 115.0 

25.5 124.6 

29.1 111.7 

29.0 107J 

21.1 104.2 

95.1 195.7 

39.8 146.1 
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walking. 

pumice blocks of t h e  South Coulee make t h a t  traverse more d i f f i c u l t  

than  t h e  t r a v e r s e  ac ross  t h e  S.  P. flow. 

10 t end  t o  confirm t h e s e  impressions made by t h e  ope ra to r s  during t h e  

traverses. The t r a v e r s e s  ac ross  Ash F l a t s  and t h e  Bishop Tuff w e r e  

not  surveyed because both t r a v e r s e s  are r e l a t i v e l y  f l a t  . However, t h e  

f o o t i n g  i s  s o l i d  and r e l a t i v e l y  unobstructed on t h e  Bishop Tuff but 

c o n s i s t s  of s m a l l  fragments of pumice and ash ac ross  Ash F l a t s .  It 

would s e e m  l o g i c a l  t o  expect t h a t  t h e  t r a v e l  t i m e  ac ross  t h e  Bishop 

Tuff would be somewhat less than  the  travel t i m e  ac ross  Ash F l a t s  

i n s t e a d  of t h e  f a s t e r  t r a v e l  t i m e  observed on Ash F l a t s .  

be,  however, t h a t  longer  t r a v e r s e s  would show s h c r t e r  avesage t imes 

on t h e  Bishop Tuff as f a t i g u e  w a s  an important f ac to r  dur ing  opera- 

t i o n s  on t h e  loose  m a t e r i a l  of Ash F l a t s .  

The ope ra to r s  f e e l  t h a t  t h e  t reacherous  foo t ing  on t h e  loose  

Data of t a b l e  6 and f i g u r e  

lt might 

It i s  i n t e r e s t i n g  t o  no te  t h a t  downhill  t i m e  on S. P. flow aver-  

aged 11 seconds longer  than  u p h i l l  t i m e .  This  i s  thcsghr  t a  be caJsed 

by t h e  u n c e r t a i n  foo t ing  on t h i s  flow. The blocks L E  la,a L T  5 .  T o  

flow are gene ra l ly  small and t u r n  e a s i l y  underfogt .  

t h e  g r a v i t y  meter opera tor  moved more cau t ious ly  when making :he down- 

h i l l  t r a v e r s e  than  on t h e  u p h i l l  t r ave r se .  

F u r  t h i s  r e a s a ,  

I n  an e f f o r t  t o  der ive  a q u a n t i t a t i v e l y  s i g n i f i c a n r  r e l a t i J n s h i p  

between t e r r a i n  d i f f i c u l t y  and average t r a v e l  t i m e s ,  t h e  mean , a L e  

of t h e  s lopes  and t h e  s tandard  dev ia t ion  of t h e  s lopes  of t h e  2 foo t  

segments of t r a v e r s e s  were computed and compared wi th  t h e  average 
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walking t i m e s .  

show t h a t  as t h e  s tandard  dev ia t ion  of s lope  segments i n c r e a s e s ,  t h e  

average walking t i m e  i nc reases  and t h a t  t h e  r a t i o  of t h e  s tandard  de- 

v i a t i o n s  of the s l o p e  segments t o  t h e  average walking t i m e s  i s  con- 

s t a n t  w i t h i n  a f a c t o r  of 3 i n  t h e  four  si tes which w e  i n v e s t i g a t e d .  

More d a t a  w i l l  be  requi red  t o  inc rease  t h e  p r e c i s i o n  wi th  which t h e  

walking t i m e  can be est imated from t h e  s tandard  dev ia t ion  of t h e  s lope  

segments, but t h e  t e n t a t i v e  c o r r e l a t i o n s  of s lope  segments t o  t h e  

walking t i m e  appears  s i g n i f i c a n t  because t h e  s tandard  dev ia t ion  of 

t h e  s l o p e  segments i s  a parameter which can  be c a l c u l a t e d  fram good 

photography from an a i r c r a f t  o r  an o r b i t e r .  

These r e l a t i o n s h i p s  are shown i n  t a b l e  8. These d a t a  

I f  a d d i t i o n a l  da t a  confirm our t e n t a t i v e  c o n c l u s i m s  concerning 

t h e  c o r r e l a t i o n  of t h e  s lope  segments and t h e  walking t i m e ,  t hen  t h e  

be photographed and t h e  mean va lue  of t h e  s lopes  and t h e  s tanaazu 

dev ia t ions  of smal l  segments of t h e  s lopes  such as w e  have used h e r e  

can  b e  ca l cu la t ed  along with t r a v e r s e s  which t h e  as r rona- t s  w i l l  c r o s s  

during t h e  landings,  

mined from t h e  terrestr ia l  t r a v e r s e s ,  it should be poss ib l e  t J  es t ima te  

t h e  t i m e  requi red  by t h e  a s t ronau t  t o  t r a v e r s e  a given segment of t h e  

Moon's su r f ace ,  t o  c a l c u l a t e  t h e  s tandard  dev ia t ion  of t h e  e i r p e  seg- 

ments, and t o  obta in  a p r e c i s e  estimate of t h e  t i m e  which it w i l l  

r e q u i r e  the  a s t ronau t  t o  c r o s s  an area of t h e  luna r  sur face .  

ing  t h e  an t i c ipa t ed  t i m e  p lus  one o r  two s tandard  dev ia t ions  of t h e  

t e r r e s t r i a l  t i m e ,  an adequate s a f e t y  f a c t o r  w i l l  be introduced t o  

Depending on t h e  v a r i a b i l i t y  of t h e  daea d e t e r -  

By allow- 

- 106 - 



Table 8.--Mean s l o p e s ,  s tandard  d e v i a t i o n  of s lopes  of 2 f t .  segments of 
t r a v e r s e s ,  average walking t i m e s ,  and r a t i o s  of s tandard  devia-  
t i o n s  of s lope  segments t o  average walking t i m e  

T e s t  
S i t e  Di rec t ion  

Kana-a Downhill 

South 
Coulee Downhill 

S.P. Downhill 

Bonito Downhill 

Kana-a Uphi l l  

South 
Coulee Uphi l l  

S.P. Uphi l l  

Bonito Uphi l l  

Mean Standard Average 
Slope Deviation Walking 

Slope T i m e  

- . 0 9  .06 40.2 

- .04 .20 71 .8  

-.11 .30 88.1 

- .02 .82 215.4 

.09 .06 40 .9  

.04 .20 75.6 

.11 .30 7 7 . 1  

.02 .82 273.7 

Rat io  of Standard Number 

Average Walking T i m e  Tests 
Deviation of Slope t o  of 

.0015 3 

.0028 

.0034 

.0038 

.0015 

.0026 

.0039 

.0030 

2 

2 

2 
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i n su re  t h a t  the  a s t ronau t  w i l l  have s u f f i c i e n t  t i m e  t o  complete h i s  

miss ion  and r e t u r n  t o  t h e  LEM. 

Usefulness  of Data 

A l l  grav i ty  meter t r a v e r s e s  w e r e  surveyed f o r  s t a t i o n  e l e v a t i o n s  

and t h e  g rav i ty  anomalies computed f o r  each traverse. F igure  18 shows 

t h e  t r a v e r s e  p r o f i l e  ac ross  Ash F l a t s  and t h e  Bouguer anomalies as ob- 

served  on t h r e e  tes ts  on October 7 ,  1964; f i g u r e  19 shows s i m i l a r  d a t a  

obta ined  on the  Bishop Tuff on October 8 ,  1964; f i g u r e  20 shows da ta  

c o l l e c t e d  on t h e  South Coulee on October 1, 1964; f i g u r e  2 1  shows 

d a t a  from S.  P. f low; f i g u r e  22,  d a t a  from Bonito flow; f i g u r e  2 3 ,  

d a t a  from Kana-a flow. These d a t a  are re la t ive t o  an a r b i t r a r y  base 

v a l u e ,  hence t h e  va lues  i n  m i l l i g a l s  a long t h e  a b s c i s s a  are r e l a t i v e .  

. -*  . - - 3  D: nhnn %qGG verv 

sma l l ,  a f a c t  wn icn  1s C U L I ~ ~ ~ ~ ~ ~ . ~  ..__-_ . 

sites.  It is doubt fu l  t h a t  t h e s e  d a t a  would j u s t i f y  operaticin of a 

g r a v i t y  meter on s imi l a r  areas of t h e  luna r  su r face .  

anomalies observed on t h e  four  l ava  flows, however, are samewhat 

g r e a t e r ,  ranging from 1 t o  2 m i l l i g a l s  i n  magnitude. 

of anomalies at t h i s  magnitude might j u s t i f y  ope ra t ion  of a g r a v i t y  

meter over a reas  of t h e  lunar  su r face .  However, it shos ld  be noted 

t h a t  t h e  average t i m e  r equ i r ed  t o  ob ta in  a reading  and walk t h e  d i s -  

t ance  between t h e  s t a t i o n s ,  which are 100 f e e t  a p a r t ,  i s  a b w t  four  

minutes.  Hence, it requ i r ed  an  unencumbered man ope ra t ing  t h e  g r a v i t y  

meter across  t h e  E a r t h ' s  s u r f a c e  approximately f o r t y  minutes t~ ob ta in  

The Borrguer 

Expecta t ion  

~ 
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t e n  readings .  A very  o p t i m i s t i c  estimate of t h e  t i m e  r equ i r ed  f o r  an 

a s t ronau t  t o  ob ta in  t h e  same amount of d a t a  ac ross  s imilar  t e r r a i n  on 

t h e  lunar  s u r f a c e  would be e ighty  minutes ,  o r  twice  t h e  t i m e  r equ i r ed  

t o  o b t a i n  t h e  d a t a  on t h e  terrestrial t e r r a i n .  Therefore ,  it i s  con- 

c luded  t h a t  f i e l d  surveys with a g rav i ty  meter during t h e  e a r l y  Apollo 

miss ions  is  no t  j u s t i f i e d  u n l e s s  a s p e c i a l  problem e x i s t s  which can 

be reso lved  wi th  t h e  g rav i ty  meter b e t t e r  than  any o the r  technique.  

These adverse recommendations concerning g r a v i t y  meter f i e l d  

surveys do not  however d e t r a c t  from t h e  use fu lness  of measurements 

of abso lu t e  g r a v i t y  on t h e  lunar  sur face .  

Po r t ab le  Seismograph Tests 

Instrument 

The p o r t a b l e  seismograph used on t h e  t i m e  and information s t u d i e s  

c o n s i s t e d  of 12 t r a n s i s t o r i z e d  ampl i f i e r s  wi th  a d j u s t a b l e  ga ins ,  a 

c a p a c i t o r  d i scharge  type  b l a s t e r ,  twelve d a t a  traces and a shot  break 

trace,  12 galvanometers,  a Polaroid f i l m  h o l d e r ,  and b a t t e r i e s  f o r  

power. 

of t h e  seismograph w a s  25 l b s .  

aluminum reel weighed 24% l b s . ,  and t h e  12  geophones weighed 18 l b s .  

c o l l e c t i v e l y ,  t h e  t o t a l  weight of t h e  system w a s  67% l b s .  

A l l  components were enclosed i n  an aluminum case .  T o t a l  weight 

A 710-foot geophone cab le  on a p o r t a b l e  

This  m e t e r  w a s  chosen f o r  t h e  tes t  because it i s  one of t h e  smaller, 

l i g h t e r ,  and least complicated seismographs commercially a v a i l a b l e  

today . 
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The recording i n t e r v a l  t i m e r  p rovides  a photographic r eco rd  of 

seismic waves on an accu ra t e  t i m e  base.  An i n t e r n a l  l i g h t  source  

p r o j e c t s  a l i g h t  beam onto  a mi r ro r  i n  each galvanometer from where 

it i s  r e f l e c t e d  by a r o t a t i n g  mi r ro r  onto t h e  f i l m  i n  t h e  Po la ro id  

f i l m  ho lde r .  When a s i g n a l  v o l t a g e  from a geophone i s  app l i ed  t o  

t h e  galvanometer, a r o t a t i n g  mi r ro r  d e f l e c t s  t h e  l i g h t  beam propor-  

t i o n a l l y  providing a sweep of t h e  galvanometer traces a long  t h e  r eco rd ,  

The r o t a t i n g  mi r ro r  i s  ac tua ted  by a pendulum which a l s o  i n i t i a t e s  

t h e  t iming i n t e r r u p t e r ,  and ope ra t e s  t h e  micro-switch t h a t  d i scha rges  

t h e  b l a s t e r  capac i to r  i n t o  t h e  cap  l i n e .  The t iming i n t e r r u p t e r  i n -  

t e r r u p t s  t h e  galvanometer traces a t  t e n  mi l l i second i n t e r v a l s .  

t i o n  of recording t i m e  may be v a r i e d  by a d j u s t i n g  t h e  c e n t e r  of g r a v i t y  

of t h e  pendulum . 

Dura- 

vanometer lamp, ene rg izes  t h e  hold ing  c o i l  which cocks t h e  v i b r a t i n g  

reed  of t h e  t iming i n t e r r u p t e r ,  and charges  t h e  b l a s t e r  c a p a c i t o r .  

A neon lamp Ready i n d i c a t o r  connected ac ross  t h e  b l a s t e r  c a p a c i t o r  

l i g h t s  t o  i n d i c a t e  when t h e  instrument  i s  ready t o  f i r e  t h e  cap.  

The F i r e  switch i s  depressed wi th  t h e  Arm-Align switch he ld  i n  A r m  

p o s i t i o n  and t h e  Ready i n d i c a t o r  lamp lit. Depressing t h e  F i r e  switch 

releases the  pendulum, which i n i t i a t e s  t h e  t iming  i n t e r r u p t e r  , d i s -  

charges  the  b l a s t e r  c a p a c i t o r ,  and s tar ts  t h e  galvanometer sweep i n  

mot ion .  

The Polaroid f i l m  i s  then  developed t o  o b t a i n  t h e  photographic  

record  of t h e  seismic wave. 



Method of Operation 

The p o r t a b l e  seismograph requires two men f o r  i t s  opera t ion .  The 

f i r s t  man, h e r e a f t e r  c a l l e d  Operator No. 1, i s  p r imar i ly  an instrument  

ope ra to r .  The o the r  man, h e r e a f t e r  c a l l e d  Operator No. 2 ,  i s  p r imar i ly  

t h e  geophone cab le  handler .  

The ope ra t ion  c o n s i s t s  of laying t h e  geophone l i n e ,  connect ing 

t h e  12 geophones, s e t t i n g  up t h e  i n t e r v a l  t i m e r ,  loading a cap i n t o  

a charge of dynamite, connect ing the cap t o  a shoot ing l i n e ,  connect-  

ing  t h e  shoot ing l i n e  t o  t h e  t i m e r ,  loading t h e  f i l m  i n  t h e  Polaro id  

f i l m  ho lder ,  checking t h e  geophone c o n t i n u i t y ,  and f i r i n g  t h e  charge.  

A f t e r  t h e  f i l m  record  i s  developed, Operator No. 1 c a r r i e s  t h e  i n t e r v a l  

t i m e r  t o  t h e  o the r  end of t h e  geophone l i n e  where Operatcr No. 2 had 

loaded a charge and s t rung  t h e  c a p  w i r e  and shoot ing  l i n e  back t o  t h e  

instrument  s t a t i o n  loca t ion .  The i n t e r v a l  t i m e r  i s  connected t . c ?  t h e  

geophone cab le ,  t h e  charge is  set o f f ,  t h e  f i l m  developed, and t h e  

equipment picked up by t h e  two ope ra to r s  t o  end t h e  opera t ion .  

The ind iv idua l  s t e p s  are a s  follows: 

S tep  1.--Operator No. 1 - Pick up ins t rument ,  camera c a b l e ,  ground 
w i r e ,  f i l m ,  2 geophones, charge,  cap and shot  l i n e .  Operator No .  2 - 
Pick  up c a b l e  reel and put  on t ruck ,  charge ,  c a p ,  shot  l i n e ,  and 10 
geophones. 

S tep  2.--Operator No. 1 - S e t  down instrument and open. Hook 
up geophone c a b l e ,  camera cab le ,  and ground. Operator No. 2 - R e e l  
out  geophone c a b l e ,  dropping 1 geophone a t  takeout  3 ,  4 ,  5 ,  e t c .  
Double l i n e  back from takeout  12 t o  11 and drop cab le  connector and 
c a b l e  reel. 

S tep  3.--Operator No. 1 - C a r r y  cap ,  charge ,  shot  l i n e  and 2 geo- 
phones. Drop geophone by t akeou t s  2 and 1. Pace 10 s t e p s  pas t  end 
of takeout  1. Operator N o .  2 - W a l k  back t o  12 geophone and set charge,  
cap ,  and shot  l i n e  on ground. 
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Step  4.--Operator No. 1 - Load charge and u n r e e l  cap w i r e .  
No. 2 - Hook up geophone 1 2 ,  11, 10, e t c .  t o  4 .  (Note: Number of geo- 
phones connected v a r i e s  wi th  roughness of t h e  t e r r a i n . )  

Operator 
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Step  5.--Operator No. 1 - Connect cap w i r e  t o  shot  l i n e .  Unreel 
shot  l i n e  hooking up geophones 1 and 2 on way back t o  i.nstrument. 
Connect shot  l i n e  t o  instrument .  Hook up geophones 3 and 4 ,  etc .  
Walk back t o  instrument .  (Note: Number of geophones connected v a r i e s  
wi th  roughness of t e r r a i n . )  Operator No. 2 - Walk back t o  geophone 12 .  

S t ep  6.--Operator No. 1 - C h e c k e n t i r e  geophone c o n t i n u i t y  1 
through 1 2 ,  switch t o  normal, load f i l m  pack, p u l l  f i l m  pack back, 
cock, a r m ,  f i r e .  Operator No. 2 - Pick up charge ,  cap and shot  l i n e .  
Pace 10 s t e p s  from geophone 1 2 .  

S tep  7.--Operator No. 1 - Process  f i lm .  F l i p  process  l e v e r .  
P u l l  f i l m  out .  Count t e n ,  p u l l  cover o f f  of f i lm .  Apply f i x e r .  F l i p  
process  lever  back t o  load.  Operator No. 2 - Load charge and u n r e e l  
cap w i r e .  

S tep  8.--Operator No .  1 - Disconnect geophone connector ,  camera 
c a b l e ,  ground, shot  l i n e  and c l o s e  instrument .  Operator No. 2 - Con- 
nec t  cap wire t o  shot  l i n e .  Unreel shot  l i n e  t o  geophone 11. Hook 
up shot  l i n e  t o  instrument .  

. 



T i m e s  Required for  Each Operation 

The times requi red  t o  conduct s i m p l e  r e f r a c t i o n  seismograph surveys,  

ranged from a l i t t l e  less than 1,000 seconds t o  approximately 1,800 

seconds i n  t h e  sites t h a t  were s tud ied  dur ing  t h e  r e p o r t  pe r iod  ( see  

f i g u r e s  No. 2 4  and 2 5 ) .  

t h e  c i n d e r s  and lava  of t h e  Kana-a Flow, t h e  c inde r s  of t h e  Mono Ash 

F l a t s ,  and t h e  s o l i d  su r face  of the Bishop Tuff ,  were considerably less 

than  t h e  times requi red  over t h e  broken, b recc ia t ed ,  and f r a c t u r e d  sur -  

f a c e s  of S. P. Flow, Bonito Flow and South Coulee of t h e  Mona Cra te r s .  

Standard dev ia t ions  of t h e  t o t a l  times ( f i g u r e s  24 and 2 5 )  are a l s o  

g r e a t e r  over t h e  rugged t e r r a n e  of t h e  lava  flows and t h e  South Coulee. 

The p r o b a b i l i t y  of dup l i ca t ing  t h e  t r a v e r s e s  over t h e  Kana-a Flow, 

Mono Ash F la t s ,  and Bishop Tuff wi th in  100 seconds of t h e  mean times 

i s ,  t h e r e f o r e ,  high r e l a t i v e  t o  the  p r o b a b i l i t y  of dup l i ca t ing  t h e  

same opera t ions  wi th in  100 eaconde over t h e  flows i n  t h e  South Coulee. 

The ope ra t ions  performed by each operator  were choern eo that t o t a l  

times requ i r ed  f o r  each opera tor  would be approximately t h e  rame, 

The i n i t i a l  aseumptionr concerning t h e  timer r e q u i r r d  f o r  reeh opera- 

t i o n  appear t o  be v a l i d  f o r  t h e  e a r i l y  t r s v r r r a b l e  terranra8 bu t  i n  

t h e  d i f f i c u l t  terranes Operator No, 2 r r q u i r r d  r igni f ieentfy  msar time 

t o  complete h i r  ope ra t ion r ,  

T i m e s  requi red  t o  conduct t h e  experiment over 

F igurer  26 and 27 show the r t rp -by- r t rp  mean oprxaf ian thrr far 

Time r r q u i r r d  €o r  mort rtrps were relatively uniform t h e  r i x  r i t r r .  

f o r  a l l  loca t ions .  

walking v s r i r d  r i g n l f i c m t l y  Irrtwrrn tha rari ly  traversable terranes 

Ar might bo rxp rc t rd ,  howaver, tkeoer o tepo  requf r ing  
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and t h e  d i f f i c u l t  terranes, In t h e  c a s e  of Operator No. 1, h i s  check 

and f i r e  and two p ick  ups are t h e  s t e p s  whose t i m e s  v a r i e d  most widely.  

I n  t h e  case of Operator No. 2 ,  t h e  r e e l i n g  out and r e e l i n g  up are t h e  

s t e p s  i n  which t i m e s  v a r i e d  most g r e a t l y .  

Because walking t i m e  occupies such a l a r g e  p a r t  of t h e  t o t a l  opera- 

t i o n  t i m e  f o r  t h e  seismograph, f i g u r e  28 has been cons t ruc t ed  t o  show 

t h e  percentage of t h e  t o t a l  t i m e  used i n  walking by Operatas No. 2 .  

For t h e  e a s i l y  t r a v e r s a b l e  t e r r a n e s  t h e  percentage of walking t i m e  

ranged from 62 t o  64  percen t .  For t h e  more d i f f i c u l t  t e r r a n e s  t h e  

percentage of t o t a l  t i m e  involved i n  walking ranged from 76 t o  79  percent .  

Terrane D i f f i c u l t y  

The da ta  presented  i n  f i g u r e s  No. 2 4 ,  2 5 ,  2 6 ,  27 and 28 show t h a t  

’ JZ-- ----+*hln eeism,?praDh 

ope ra t ions  a r e  U L L ~ L L L ~  LCLu--- _ _  

c o r r e l a t i o n  between t e r r a n e  d i f f i c u l t y  and t i m e s  r equ i r ed  f o r  t h e  d i f -  

f e r e n t  opera tors  t o  conduct t h e  d i f f e r e n t  s t e p s  i s  not  as c l e a r  as it 

i s  f o r  t h e  g rav i ty  meter opera t ions .  Unexplained is  t h e  reason why, 

i n  t h e  d i f f i c u l t l y  t r a v e r s a b l e  t e r r a n e s ,  Operator No. 2 w a s  a b l e  t o  

complete h i s  opera t ions  on South Coulee i n  a s h o r t e r  t i m e  than  on t h e  

Bonito o r  S.  P. Flows, whereas Operator No. 1 requ i r ed  more t i m e  on 

t h e  South Coulee than  on t h e  o the r  two flows. There are s i m i l a r  un- 

expla ined  anomalies which may be explained as more d a t a  on ope ra t iona l  

procedures  are obta ined .  The anomalies i n  t h e  ind iv idua l  t i m e s ,  however, 

are minor when they are compared t o  t h e  t i m e s  r equ i r ed  f o r  traverse. 
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(SMOOTH HARD ROCK) 

PORTABLE SEISMOGRAPH 

TIME IN SECONDS 

500 1000 I500 2000 

K A N A - A  FLOW 
(CINDERS) 

64 lo OF TOTAL TIME 

S.F? FLOW 
(BLOCKY LAVA) 

76 70 OF TOTAL TIME 

BONITO FLOW 
(JAGGED LAVA) 

79 70 OF TOTAL TIME 

SOUTH COULEE FLOW 
(BLOCKY LAVA) 

76 70 O F  TOTAL TIME 

TOTAL TIME MONO ASH FLATS I 
(CINDER ASH) 

WALK TIME_] 62 7" O F  TOTAL TIME 

Figure  28.--Comparison of t o t a l  t i m e s  and walk t i m e  for Operator No, 
2 a t  s i x  s i tes .  
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This  is  one of t h e  most important f a c t o r s  i n  t h e  des ign  of a luna r  

seismic experiment wi th  t h e  except ion  of p o s s i b l e  hazards  a s s o c i a t e d  

wi th  t h e  explosives  used i n  t h e  experiment.  

Magnetometer Tests 

Instrument 

A proton p recess ion  magnetometer w a s  used f o r  t h e  s tudy .  The 

instrument  i s  c a r r i e d  on t h e  o p e r a t o r ' s  c h e s t ,  and weighs 25 l b s .  in -  

c lud ing  b a t t e r i e s ,  sens ing  head, and connect ing cab le .  This  t ype  of 

magnetometer w a s  chosen because it reads  t o t a l  magnetic f i e l d  r a t h e r  

t han  r e l a t i v e  va lues  of t h e  magnetic f i e l d  as is t h e  c a s e  wi th  many 

o t h e r  magnetometers, because it i s  r e l a t i v e l y  l i g h t  and compact , and 

1 - -  

The magnetometer ConsisLb VI a L A W *  .I____- 

and a sensing head. The e l e c t r o n i c  package conta ins :  four  silver-cadmium 

ce l l s  i n  series which combine f o r  a nominal vo l t age  of 5 .6  v o l t s ,  a 

5 .6  v o l t  c a r t r i d g e  mercury b a t t e r y  used f o r  t h e  o s c i l l a t o r  power supply,  

a po la r i z ing  r e l a y ,  a programmer, a v i b r a t i n g  reed  frequency m e t e r ,  

a range  tuner  swi tch ,  a func t ion  switch and a humidity i n d i c a t o r .  

The sensing head con ta ins  a c o i l  w i r e  t h a t  encompasses a p l a s t i c  

b o t t l e  conta in ing  a pro ton- r ich  l i q u i d .  The sens ing  head, which can  

be a t tached  t o  a s t a f f  o r  suspended from a b racke t ,  i s  connected t o  t h e  

e l e c t r o n i c  package by a cable .  The v i b r a t i n g  r eed  frequency m e t e r  con- 

t a i n s  5 3  reeds spaced i n  20 gamma s t e p s  providing a f u l l  scale meter 
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range of 1040 gammas. The meter i s  c a l i b r a t e d  i n  100 gamma u n i t s  up 

t o  1000 gammas. The range s e l e c t o r  has  12 p o s i t i o n s  which determine 

t h e  magnetic f i e l d  range i n  1000 gamma s t e p s .  

used w a s  from 48,980 gammas t o  61,020 gammas. 

can inc rease  t h i s  range from 19,000 t o  101,000 gammas. 

The range of t h e  m e t e r  

Plug-in tun ing  u n i t s  

The measurement of t h e  f i e l d  i n t e n s i t y  and f l u c t u a t i o n s  i n  t h e  

E a r t h ' s  magnetic f i e l d  i s  accomplished by t h e  p o l a r i z a t i o n  and f r e e  

p recess ion  of atomic n u c l e i  i n  t h e  sens ing  head. 

t i o n s  i n  t h e  s i g n a l  vo l t age  induced by t h e  precess ing  prc tons  enables  

t h e  p r e c i s e  measurement of t h e  magnetic f i e l d  v a r i a t i o n .  

IIhe frequency v a r i a -  

Method of Operation 

The ope ra t ion  of t h e  magnetometer i s  a simple o p e r a t i m  c o n s i s t i n g  

of t r a v e l i n g  a predetermined d is tance  ( i n  t h e  case af t h e s e  t es t s ,  

100 f e e t )  between s t a t i o n s .  

server o r  t h e  ope ra to r  himself .  

The operat ion w a s  timed by e i t h e r  an ob- 

F i e l d  t i m e  and information tes t s  w e r e  conducted a t  t he  t h r e e  

C a l i f o r n i a  test sites: South Coulee, Ash F l a t s  and Bishop T i f f .  

T i m e s  Required fo r  Each Operation 

The simple n a t u r e  of t h e  magnetometer ope ra t ion  does not r e q u i r e  

e l a b o r a t e  a n a l y s i s  of t i m e s  requi red  f o r  each opera t ion .  The s i g n i -  

f i c a n t  d a t a  are summarized i n  Table N o .  9. 

S c i n t i l l a t i o n  Counter 

A few tests of a s c i n t i l l a t i o n  counter  conducted a t  t h e  test  s i tes  

y ie lded  inconclus ive  da t a .  The opera t ion  of t h e  s c i n t i l l a t i a n  coun te r ,  
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Table No, 9.--Total  t i m e s ,  mean t i m e s ,  and s tandard  dev ia t ion  of mean 
times requi red  for opera t ion  of t h e  magnetometer ac ross  
e leven s t a t i o n  t r a v e r s e s  on t h e  South Coulee, Ash F l a t s ,  
and t h e  Bishop Tuff sites. 

South Coulee 

South Coulee 

South Coulee 

Ash F l a t s  

Ash F l a t s  

Number of 
S i t e  Operator s t a t i o n s  - 

Bishop Tuff 

Bishop Tuff 

Bishop Tuff 

1 11 

3 11 

3 11 

1 11 

2 11 

1 11 

2 11 

2 11 

T o t a l  
t i m e  

Travel  694.2 
Read 470.8 
Tota l  1165 .0  

Travel  778.2 
Read 535.7 
Tota l  1313.9 

Travel  7 1 1 . 0  
Read 497 .9  
Tota l  1208.9 

Travel  316.4 
Read 377.1 
T o t a l  693.5 

Travel  355.9 
Read 330.6 
T o t a l  686.5 

T o t a l  765.2 

Travel  351.1 
Read 476.8 
Tota l  827.9 

Travel  383.4 
Read 164.6 
Tota l  548.0 

Travel  394.9 
Read 362.9 
Tota l  757.8 

Mean 
t i m e  - 

6 3 . 1  
42.8 

105.9 

70.7 
48.7 

119 .4  

64.6 
45.3 

109 .9  

28.7 
34.2 
63.0 

32.3 
30.1 
62.4 

69.6 

31.9 
43.3 
75 .3  

34 .9  
1 5 . 0  
49.8 

31.8 
33.0 
68 .9  

S t andar d 
dev ia t  ions  

21.0 
13.8 
24.2 

1 6 . 2  
3 4 . 9  
37.5 

20.7 
23.5 
37 .4  

2.2 
16 .4  
1 6 . 3  

3.2 
12 .8  
12.0 

L U .  L 

2.3 
11.8 
13 .1  

2.8 
3 . 4  
5.2 

5.0 
11.0 
11.0 
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I .  

however, i s  s imi la r  t o  t h a t  of t h e  magnetometer and it i s  a n t i c i p a t e d  

t h a t  t h e  outcome of t h e  time-motion d a t a  w i l l  be much t h e  same as t h a t  

ob ta ined  f o r  t h e  magnetometer. Known r a d i o a c t i v e  depos i t s  occur i n  

t h e  Hopi But tes  area, Arizona, where opera t ions  wi th  a s c i n t i l l a t i o n  

counter  w i l l  be conducted during t h e  next r e p o r t  per iod .  
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LUNAR FIELD SURVEYING METHODS 

(Yukio Yamamoto, P r o j e c t  Chief)  

I n t  r o duc t ion  

The Lunar F i e l d  Surveying Nethods p r o j e c t  has  been conduct ing t i m e  

and information s t u d i e s  on s tandard  surveying techniques  and provid ing  

surveying support  f o r  F i e l d  Geological  and F i e l d  Geophysical I n v e s t i g a -  

t i o n s  p r o j e c t s .  During t h e  f i r s t  ha l f  of FY 1965, t i m e  and informat ion  

s t u d i e s  have been completed on t h e  use  of t h e  t h e o d o l i t e  and t h e  p lane  

t a b l e  and a l idade .  A documentary f i l m  (20 minutes) showing instrumen- 

t a t i o n  and surveying techniques  supplements t h i s  r e p o r t .  Cont ro l  

surveys were e s s e n t i a l l y  completed f o r  t h e  Moses Rock p r o j e c t .  

ope ra t ions  for  F i e l d  Geological  and F i e l d  Geophysical I n v e s t i g a t i o n s  

L - - L  --.e-- ;- +ha unni R i i t t e s  area began i n  January 1965. 

Support 

T i m e  and Information S t u d i e s  

T ime  and informat  ion  s t u d i e s  of s tandard  surveying techniques  and 

ins t rumenta t ion  were conducted on v a r i o u s  t e r r a i n s  i n  t h e  San Franc is -  

can vo lcan ic  f i e l d s  under normal f i e l d  cond i t ions .  A t  t h e  o u t s e t  it 

w a s  r e a l i z e d  t h a t  s tandard  surveying techniques  and ins t rumenta t ion  

would not be appropr i a t e  f o r  u s e  on t h e  lunar  sur face .  The s t u d i e s  

w e r e  undertaken,  however, t o  d e r i v e  b a s i c  information necessary  t o  

develop and eva lua te  surveying ope ra t ions  a p p l i c a b l e  f o r  lunar  explor -  

a t  ion.  

The bas ic  motions and surveying ope ra t ions  s tud ied  w i l l  s e rve  as 

an a i d  t o  t h e  des ign  of mission opera t ions .  

t i o n s  l i s t e d  i n  Table  1 O c o n s t i t u t e  b a s i c  ope ra t ions  e s s e n t i a l  t o  

Standard surveying opera- 
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Table 10.-Horizontal  and v e r t i c a l  

aa Lava Flow 
rnin. sec. 

Noninstrumental  Operat ion  

1. Setup over nondesignated 
poin t  

2 .  Setup over predes igna ted  
po in t  with plumb bob 

3 .  Setup over predesignated 
po in t  with o p t i c a l  bob 

4 .  Measurement of he igh t  of 
instrument ( H . I . )  

5. Search f o r  6 p o i n t s  
6 .  Take down 

Ins t rumenta l  Operations 

7 .  Turn 3 sets ( d i r e c t  and 
r e v e r s e  a n g l e s ) ,  c losed  
horizon 

8 .  Turn 3 sets ( d i r e c t  and 

1 

4 

4 

0 
8 
1 

17 

r e v e r s e  angles)  , unclosed 
hor izon  14 

9. Turn 3 sets ( d i r e c t  and 
reverse ang les ) ,  c lo sed  
hor izon ,  uns t ab le  se tup  28 

Vert ical  Angles 

10. Turn a d i r e c t  ang le  t o  

11. Turn a d i r e c t  and reverse 

12.  Turn 2 sets ( d i r e c t  and 
reverse angles )  t o  6 
p o i n t s  15 

1 poin t  0 

angle  t o  1 po in t  1 

S t e l l a r  Observations 

38 

45 

38 

14 
00 
15 

17 

16 

26 

46 

11 

06 

13 .  Third-order s te l lar  observat ions 

14 .  Third-order  P o l a r i s  observat ions 
15. Turn 2 sets ( d i r e c t  and r eve r se )  

on 2 random stars 

v e r t i c a l  angles  t o  6 p o i n t s  as i n  
12 with  Askania t h e o d o l i t e  

L’Wild T-2  t h e o d o l i t e  used i n  a l l  t e s t s  

c o n t r o l  ope ra t ions  - 11 

Cinder Slope Level Ground 
rnin. s ec .  min. 

37 1 

4 3  3 

32 2 

1 9  0 
00 2 
5 1  0 

sec .  

31  

06 

47 

21  
00 
5 3  

14 06 13 23 

11 4 8  10 58 

26 00 22 13  

0 38 0 4 1  

1 08 0 58  

13 36 13  0 4  

exc ep t 

2 1  
8 

9 

26 
13 

16 

i n  ope ra t ion  15. 
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Table 11. -Average T i m e s  and Accuracies of Angular Measurements 
wi th  Wild T-2 Theodoli te  

T e s t  S i t e  

AA lava  flow 

Cinder slope 

Firm, l e v e l  ground 

AA l a v a  flow 

Average Deviat ion 
Average T i m e  of Poin t  ings  

11 Horizontal  Angles - 

20 min. 00 sec. - M3.3" 

17 18 - i-02.2" 

15 31 - i-04.2" 

V e r t i c a l  Angles - 21  

15 min. 06 sec .  - i-02.0" 

. n e  Ill 

Firm, level grouna I d  " .  

- 1/ 
- 2/  

3 sets, d i r e c t  and r eve r se ,  t o  6 po in t s .  

2 sets, d i r e c t  and r e v e r s e ,  t o  6 po in t s .  

c 
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terrestr ia l  h o r i z o n t a l  and v e r t i c a l  con t ro l .  This  r e q u i r e s  t h e  measure- 

ment of azimuth and v e r t i c a l  angles t o  d i s t a n t  p o i n t s  wi th  t h e  Wild T-2  

and t h e  Askania t h e o d o l i t e s .  

Cont ro l  Surveys wi th  Wild T-2  Theodol i te  

The Wild T-2  t h e o d o l i t e ,  a s tandard instrument f o r  h o r i z o n t a l  and 

v e r t i c a l  c o n t r o l  surveys by t h e  Topographic Div is ion  of t h e  Geological  

Survey, w a s  used i n  a l l  s t u d i e s .  Also used ,  but t o  a l i m i t e d  e x t e n t ,  

w a s  t h e  Askania t h e o d o l i t e ,  a r e c e n t l y  developed instrcrment having 

s e v e r a l  d e s i r a b l e  f e a t u r e s ,  one a s e l f - l e v e l i n g  index on t h e  v e r t i c a l  

c i r c l e .  For experienced engineers ,  manipulat ion of t h e  Wild T-2 and 

Askania t h e o d o l i t e s  f o r  ho r i zon ta l  c o n t r o l  are abcvt equal .  For t h i s  

r eason  t i m e  and motion s t u d i e s  with t h e  Askania w e r e  l i m i t e d  t o  observ- 

i n g  v e r t i c a l  angles .  

These f i e l d  ope ra t ions  f o r  con t ro l  surveys employed two engineers  

of n e a r l y  equal  a b i l i t y  and experience i n  t h i s  type  cf survey. Each 

ope ra t ion  w a s  repea ted  on t h r e e  d i s t i n c t  t e r r a i n s :  

c i n d e r  s lope  of 11" and f i rm,  level ground. S i x  n a t u r a l  t a r g e c s  were 

chosen a t  random around t h e  horizon a t  each l o c a t i o n ;  a l l  c t h e r  condi- 

aa laxa flow, loose  

t i o n s  were considered cons tan t .  

Procedure.--Each ope ra t ion  requi red  f o r  both h 3 r i z c n t a l  and v e r t i c a l  

c o n t r o l  work i s  l i s t e d  i n  Table 10 with average t i m e  c'f t h r e e  t r i a l s  

involved f o r  each. The fol lowing l i s t  g ives  a b r i e f  d e s c r i p t i c n  cf 

each opera t ion .  Except where an Askania t h e o d o l i t e  T ~ S  used f o r  reading  

v e r t i c a l  ang le s ,  a l l  opera t ions  e n t a i l e d  t h e  u s e  of t h e  Wild T-2 theodo- 

l i t e .  The ope ra t ions  were: 
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1. Setup over nondesignated p o i n t .  The opera tor  sets t h e  

t r i p o d  over a d e s i r e d  l o c a t i o n ,  mounts t h e  t h e o d o l i t e  on 

t h e  t r i p o d ,  l e v e l s ,  t hen  r e a d i e s  t h e  instrument f o r  con- 

t r o l  ope ra t ions .  

by plumbing. 

The s t a t i o n  mark i s  t h e n  e s t a b l i s h e d  

2.  Setup over  predes igna ted  po in t  wi th  t h e  plumb bob. The 

opera tor  c e n t e r s  t h e  t r i p o d  over t h e  s t a t i o n  mark wi th  

t h e  a i d  of a plumb bob, then  mounts t h e  t h e o d o l i t e  on 

t h e  t r i p o d  and r e a d i e s  t h e  instrument  f o r  c o n t r o l  oper- 

a t  ions.  

Setup over  predes igna ted  po in t  wi th  an o p t i c a l  plumb, 

This ope ra t ion  is  similar t o  ope ra t ion  2 except t h a t  t h e  

instrument i s  centered  over t h e  s t a t i o n  mark with an op- 

3 .  

4 .  Measurement of he ight  of instrument (H.I.). The he ight  

of instrument  above t h e  s t a t i o n  mark i s  measured. 

5 .  Measurement of a d i r e c t  v e r t i c a l  ang le  t o  1 p o i n t .  Th i s  

opera t ion  c o n s i s t s  of po in t ing  t h e  t e l e scope  t o  a d i s t a n t  

t a r g e t ,  l e v e l i n g  t h e  ver t ical  c i r c l e ,  and r ead ing  t h e  angle .  

6 .  Measurement of a d i r e c t  and reverse v e r t i c a l  ang le  t o  1 

po in t .  

"plunged" o r  reversed;  t hen ,  i n  t h e  inve r t ed  p o s i t i o n ,  t h e  

t e l e scope  i s  pointed t o  t h e  same t a r g e t ,  t h e  v e r t i c a l  c i r -  

c l e  i s  aga in  l eve led ,  and t h e  ang le  read .  This  i s  t h e  

r eve r se  angle ,  180" around t h e  v e r t i c a l  c i r c l e  from t h e  

d i r e c t  angle .  

I n  a d d i t i o n  t o  ope ra t ion  5,  t h e  t e l e scope  i s  
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7 .  Measurement of 2 sets (d i r ec t  and r eve r se )  of v e r t i c a l  angles  

Operation 6 i s  repea ted  twice  f o r  each s t a t i o n ,  t o  6 p o i n t s .  

8. Measurement of 3 sets (d i r ec t  and r eve r se )  of h o r i z o n t a l  

angles  t o  6 p o i n t s ,  c losed horizon. 

s t a t i o n ,  t h e  t e l e scope  i s  pointed success ive ly  t o  5 o the r  

s t a t i o n s  around t h e  horizon i n  c lockwise d i r e c t i o n ,  t hen  

r e tu rned  t o  t h e  i n i t i a l  po in t ing .  Hor izonta l  angles  are 

read  a t  each poin t ing .  The t e l e scope  i s  plunged and, again 

s t a r t i n g  wi th  t h e  i n i t i a l  s t a t i o n ,  po in t ings  are made t o  

success ive  s t a t i o n s  around t h e  horizon c o u n t e r c l x k w i s e  and 

back t o  t h e  i n i t i a l  point .  When 1 set i s  t h u s  completed, 

t h e  procedure i s  repeated twice ,  changing t h e  h , r i zdn ta l  

index a t  t h e  beginning of each set. 

S t a r t i n g  wi th  an  i n i t i a l  

9. Measurement of 3 sets ( d i r e c t  and r eve r se )  of h o s l z s i t a l  

angles  t o  6 p o i n t s ,  unclosed horizon.  Same proccddre as 

ope ra t ion  8 except t h a t  a f t e r  po in t ing  t o  t h e  s i x t h  s t a t i o n ,  

t h e  t e l e scope  is reversed and po in t ings  are made cc-nter-  

clockwise back t o  i n i t i a l  s t a t i o n .  

10. Measurement of 3 sets ( d i r e c t  and r eve r se )  of h c r i z o n t a l  

angles  t o  6 p o i n t s ,  c losed horizon,  uns t ab le  setltp. In t h i s  

ope ra t ion ,  d i r e c t  and r eve r se  observa t ions  are made between 

2 consecut ive  s t a t i o n s  a t  a t i m e  around t h e  horizon.  

11. Third-order  s te l lar  observat ion on 2 random stars, n igh t  

observa t ion .  Three s e t s  ( d i r e c t  and r eve r se )  of h z r i z o n t a l  

and v e r t i c a l  angle  poin t ings  are made t o  2 randomly chosen 
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stars, no t ing  t i m e  of po in t ing ;  t h e  po in t ings  are r e fe renced  

t o  a terrestrial  s t a t i o n .  

12 .  Third-order P o l a r i s  observa t ion .  With t h e  h o r i z o n t a l  c i r c l e  

referenced t o  a terrestrial  s t a t i o n  and t e l e scope  poin ted  

t o  P o l a r i s ,  t i m e  of po in t ing  and h o r i z o n t a l  angle  are re- 

corded f o r  3 d i r e c t  and 3 r eve r se  po in t ings .  

13. Search f o r  6 p o i n t s ,  Th i s  opera t ion  t a k e s  p l ace  be fo re  any 

In  s e l e c t i n g  6 d i s t a n t  n a t u r a l  t a r g e t s  measurement begins .  

cons idera t ion  must be given t o  d i s t r i b u t i o n  around t h e  h o r i -  

zon, d e f i n i t i o n  and r e c o v e r a b i l i t y  both from t h e  occupied 

s t a t i o n  and t h e  next  s t a t i o n  t o  be occupied. 

14. Take down. The instrument i s  dismantled and equipment i s  

prepared f o r  t r a n s p o r t a t i o n  t o  next  po in t .  

L LUI.C. *I--- 

A second series of s t u d i e s  w a s  conducted i n  t h e  Bonito Flow of 

t h e  s tandard  ope ra t ions  of p lane  t a b l e  and a l idade  surveying under 

normal f i e l d  condi t ions .  

An a l idade  is  a versat i le  instrument .  For c o n t r o l  purposes it 

The instrument a l s o  i s  i s  primafly used f o r  v e r t i c a l  c o n t r o l  work. 

used i n  c e r t a i n  s i t u a t i o n s  f o r  mapping topography and geology, f o r  

l e v e l i n g ,  and f o r  e s t a b l i s h i n g  h o r i z o n t a l  and v e r t i c a l  c o n t r o l  by 

graphic  t r i a n g u l a t i o n  and by p lane  t a b l e  traverses. 

The instrument and equipment used i n  t h e  s t u d i e s  are s tandard  

wi th  t h e  Topographic Divis ion of t h e  U. S. Geological  Survey. The 

instrument  used w a s  t h e  Keuffe l  and Esser Self-Indexing a l i d a d e ,  which 
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has  a prism-pendulum system t h a t  au tomat ica l ly  sets t h e  index on t h e  

v e r t i c a l  c i r c l e .  A 13.2 f t .  foot-meter s t a d i a  rod,  an 18" x 24" p lane  

t a b l e  board and Johnson t r i p o d  cons t i t u t ed  t h e  equipment used on t h e  

tests.  

Procedure.--The fol lowing opera t ions  w e r e  conducted on t h r e e  types  

of t e r r a i n :  b a s a l t i c  aa lava  flow, c inder  s lope,and f i r m  l e v e l  ground. 

The procedures  and t i m e s  are l i s t e d  i n  Table 12 .  

1. 

2. 

3 .  

4 .  

5. 

Setup and o r i e n t a t i o n .  This involves  mounting t h e  p lane  t a b l e  

on t h e  t r i p o d ,  s e t t i n g  t r ipod  over s t a t i o n  mark, removing t h e  

a l i d a d e  from case, then  l e v e l i n g  wi th  t h e  a i d  of a bu l l seye  

level mounted on t h e  blade of t h e  a l i d a d e ,  and l a s t l y  o r i e n t -  

ing  t h e  board with t h e  magnetic compass. 

Setup dur ing  s t a d i a  t r ave r se .  This  ope ra t ion  begins  wi th  

p lane  t a b l e  board mounted on t r i p o d  and a l idade  i n  hand. 

Level shot  reading .  W i t h  p lane  t a b l e  board l eve led ,  a level 

reading  made on d i s t a n t  rod and t h e  observed reading  recorded ,  

Beaman Arc reading .  W i t h  p l ane  t a b l e  board l eve led , the  s t a d i a  

d i s t a n c e  read  on t h e  rod  i n t e r c e p t ,  an even Beaman ( d i v i s i o n  

of arc) set ,  rod s e t t i n g  read ,  and t h e  t h r e e  observa t ions  

recorded.  

Locat ion by i n t e r s e c t i o n .  To determine a p o s i t i o n  graphi -  

c a l l y  wi th  p l ane  t a b l e  and a l i d a d e ,  t h e  new pGint must be 

i n t e r s e c t e d  from a t  least 3 e s t a b l i s h e d  h o r i z o n t a l  s t a t i o n s .  

Because t h e  opera t ions  a r e  i d e n t i c a l  a t  a l l  s t a t i o n s ,  t h e  

procedure a t  only one s t a t i o n  w a s  timed. This  ope ra t ion  
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Table 12. --Plane Table  and Alidade Operat ions  

Exper ienced Operator I n s t .  K & E Se l f - Index ing  

T e r r a i n  
aa Sloping  Firm 

Operat ion  Lava Cinder F l a t  
min. s ec .  min. sec. min. s ec .  

1. Setup and o r i e n t a t i o n  
of board 2 20 1 57 1 37 

2 .  Setup during s t a d i a  
t r aver s e 0 32 0 35 0 33 

3 .  Level shot reading  0 36 0 30 0 27 

0 40 0 36 0 40  4 .  Beaman a r c  reading  

5 .  Location by i n t e r s e c t i o n  2 10 1 44 1 35 

6 .  Location by r e s e c t i o n  2 10 2 00 1 45 

8 .  473 F t .  s c a a i a  L L ~ V C L U -  

v e r t i c a l  c o n t r o l  14 28 4 43  4 13 

9. 473 F t .  s t a d i a  t r ave r se - -  
ho r i zon ta l  and v e r t i c a l  
c o n t r o l  16 34 6 33 6 00 

10. Tear down 1 10 1 11 1 09 
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c o n s i s t s  of s e t t i n g  t h e  plane t a b l e  d i r e c t l y  over t h e  s t a t i o n ,  

o r i e n t i n g ,  t hen  s i g h t i n g  on new po in t  wi th  t h e  blade of t h e  

a l i d a d e  pass ing  through the  occupied po in t  ( t h e  t h r e e  s t a t  ions  

occupied t o  i n t e r s e c t  t he  new po in t  have been p l o t t e d  on t h e  

board previous t o  f i e l d  work) and drawing a ray  through t h e  

v i c i n i t y  of t h e  new poin t .  Travel between s t a t i o n s  w a s  a 

v a r i a b l e  not  considered here. 

6 .  Location by r e sec t ion .  The f i r s t  p a r t  of t h e  ope ra t ion  i s  

i d e n t i c a l  t o  Operation 5 and is  not descr ibed  here .  The 

p lane  t a b l e  is set over the  new p o i n t ,  o r i e n t e d  by back- 

s i g h t i n g  along t h e  penc i l  r a y  drawn a t  previous s t a t i o n  occu- 

p i ed ,  and r e sec t ed  from o r i e n t a t i o n  on t h e  remaining d i s t a n t  

s t a t i o n s .  The penc i l  r a y s  should i n t e r s e c t  a t  one p o i n t ,  

bu t  commonly form a s m a l l  t r i a n g l e .  

7 .  3-point l oca t ion .  This  opera t ion  beginning wi th  p lane  t a b l e  

set over new s t a t i o n  whose p o s i t i o n  i s  t o  be determined graph- 

i c a l l y .  A t  least  3 previously e s t a b l i s h e d  s t a t i o n s  m u s t  be 

v i s i b l e  and p re fe rab ly  a fou r th  as a check. The board i s  

o r i en ted  f i r s t  by magnetic o r  sun compasss then  r e s e c t e d  

from t h r e e  s t a t i o n s .  This  gene ra l ly  produces a t r i a n g l e  

of e r r o r .  The procedure used he re  i s  a method of d i r e c t  

t r i a l ,  u n t i l  repea ted  r e o r i e n t a t  ion  and r e s e c t i s n  results 

i n  a po in t  i n t e r s e c t i o n .  

8. Shor t  t r a v e r s e - v e r t i c a l  cont ro l .  During t h i s  sequence of 

ope ra t ions  t h e  instrument man and rodman move from a bench 
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mark t o  a t u rn ing  po in t .  

and a f o r e s i g h t  from an advantageous instrument  s e tup  between 

t h e  bench mark and t h e  tu rn ing  po in t .  

The instrument  man makes a backsight  

9. Short  t r a v e r s e - h o r i z o n t a l  and v e r t i c a l  con t ro l .  Th i s  opera- 

t i o n  is  i d e n t i c a l  t o  8,  wi th  t h e  added t a s k  of c a r r y i n g  ho r i -  

zon ta l  p o s i t i o n  g raph ica l ly .  

10. Take down. The a l idade  is  rep laced  i n  t h e  case, p l ane  t a b l e  

board removed from t r i p o d  and t r i p o d  folded.  

Resu l t s  and Discussion 

Wild T-2  Theodol i te  

The r e s u l t s  of t h e  s t u d i e s  on t h e  s tandard  h o r i z o n t a l  and v e r t i c a l  

- _  

i n  Tables 10 and 11. 

Table 10 p r e s e n t s  t h e  t i m e  r equ i r ed  t o  c a r r y  out va r ious  ope ra t ions  

The type  a t  any one s t a t i o n  t o  extend h o r i z o n t a l  and ver t ica l  c o n t r o l .  

of t e r r a i n  was t h e  primary f a c t o r  a f f e c t i n g  t h e  t iming of each opera- 

t i o n .  

p o s i t i o n ,  such as measurement of instrument he ight  and one ver t ica l  

ang le ,  t h e r e  w a s  no n o t i c e a b l e  d i f f e r e n c e  i n  e lapsed  t i m e  on t h e  t h r e e  

t e r r a i n s .  However, where movement about t h e  instrument s e tup  w a s  

r equ i r ed  during an  opera t ion ,  t h e r e  w a s  a s i g n i f i c a n t  change i n  t h e  

e l apsed  time (note  opera t ions  2 ,  3 ,  7, 1 2 ;  Table lo) .  The aa lava flow 

presented  d i f f i c u l t  foo t ing ,  t h e  c inde r  s lope  presented  much easier 

f o o t i n g  but  care had t o  be exerc ised  not  t o  s t e p  t o o  c l o s e l y  t o  t h e  

Where an  opera t ion  w a s  accomplished from a s i n g l e  s tanding  
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t r i p o d  l e g s ;  and t h e  f i rm ,  level ground allowed t h e  ope ra to r  t o  move 

f r e e l y  about t he  instrument  se tup .  

Other than t e r r a i n ,  a l l  o the r  f i e l d  cond i t ions  were l a r g e l y  con- 

s t a n t  f o r  a l l  tests,  The weather v a r i e d  somewhat, frcpm clear t o  c loudy,  

but t h i s  d i d  not h inder  observa t ions  s i g n i f i c a n t l y .  The s e l e c t i o n  of 

n a t u r a l  t a r g e t s  a t  each s i t e  w a s  a l s o  considered cons t an t .  

such as a point  of rock  o r  t h e  t o p  of a twig w e r e  randomly chosen 

around t h e  horizon. 

ca l  a manner as p o s s i b l e  a t  each of t h e  t h r e e  si tes.  

T a r g e t s ,  

Each ope ra t ion  w a s  conducted i n  as n e a r l y  i d e n t i -  

Not a l l  ope ra t ions  l i s t e d  i n  Table  10were c a r r i e d  oa t  a t  each 

In Figure  29 may be found ope ra t ions  normally c a r r i e d  out s t a t i o n .  

a t  a s t a t i o n  t o  o b t a i n  d a t a  for h o r i z o n t a l  and v e r t i c a l  c 2 n t r c l  (2 ,  

h 7 and 12  i n  Table  10) This  s tandard  cont ra1  sdxvey r equ i r ed  

s l o p e  and 33 minutes on t h e  f i rm ,  level ground. 

Table  U p r e s e n t s  a summary of t h e  re la t ive accuracy :bra ined  from 

each t r i a l  f o r  horizontaL c o n t r o l  opera t ions  conducted a r  t h e  three 

si tes.  Table 11 a l s o  shows a summary of t h e  re1ati;e a c c  - - a c y  cb ta ined  

from each v e r t i c a l  c o n t r o l  opera t ion .  Throughout t h e  tests t h e  accdracy 

remained near ly  cons tan t  and w e l l  w i t h i n  th i rd -o rde r  seq, irernents ('1 

p a r t  i n  5000), r e g a r d l e s s  of t e r r a i n .  A review of t h e  f i e l d  nDtes 

ind ica t ed  t h a t  any one r a w  h o r i z a n t a l  ang le  reading  e ,Id be accept -  

a b l e  f o r  nea r - th i rd  o rde r  accuracy. 

I - 
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Plane Table and Alidade 

Plane t a b l e  and a l i d a d e  surveying techniques ,  i f  app l i ed  t o  

s u r v e i l l a n c e  systems on LEM or  on a mobile l abora to ry ,  are app l i cab le  

t o  exp lo ra t ion  of t h e  lunar  surface.  Elapsed t i m e s  shown i n  Table  12 

are f o r  v a r i o u s  opera t ions  on t h r e e  types  of t e r r a i n .  The s i m p l i c i t y  

of t h e  a l i d a d e  i s  ind ica t ed  by t h e  f a i r l y  s h o r t  t i m e  f o r  each ope ra t ion .  

Here aga in ,  t r a f f i c a b i l i t y  of t h e  t e r r a i n  w a s  t h e  primary f a c t o r  a f f e c t -  

ing  completion t i m e  (see opera t ions  8 and 9, Table12).  

A d i s t i n c t  advantage of plane t a b l e  and a l i d a d e  techniques f o r  

mapping topography o r  geology is  tha t  a map can be compiled as t h e  work 

progresses .  The geo log i s t  can develop h i s  i n t e r p r e t a t i o n  of t h e  geology 

as t h e  d a t a  are p l o t t e d .  The LEM s u r v e i l l a n c e  system would a c t  as an  

a l i d a d e ,  t h e  progress  of and d a t a  obtained from t h e  s u r f a c e  a s t ronau t  

could  be compiled on an X-Y p l o t t e r  ( t h e  p lane  t a b l e )  on e a r t h  i n  

n e a r - r e a l  t i m e .  

Mobile Laboratory S tud ie s  

Surveying techniques  f o r  car ry ing  c o n t r o l  dur ing  roving  v e h i c l e  

t r a v e r s e  began i n  January 1965. 

f o r  t e s t i n g  and developing surveying ope ra t ions  w a s  completed. A rang- 

ing  laser, which w i l l  be mounted on t h e  v e h i c l e  t oge the r  wi th  a theodo- 

l i t e ,  w a s  ob ta ined  on loan. Tes t ing  is  scheduled t o  begin i n  January 

1965. 

Modif icat ion of a 4-wheel d r i v e  v e h i c l e  

. 
1 
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Support A c t i v i t i e s  

Fi lm Document a t  ion  

About 5000 f e e t  of 1 6  nun. b lack  and white  f i l m  showing ope ra t ion  

of 2 t h e o d o l i t e s ,  t h e  p lane  t a b l e ,  and a l i d a d e  i s  a v a i l a b l e  f o r  analy-  

s i s ,  A s h o r t  f i l m  has been compiled showing types  of surveying  opera- 

t i o n s  documented f o r  t i m e  and motion a n a l y s i s .  

Control  P r o j e c t s  

A s  a support  a c t i v i t y ,  t h e  surveying p r o j e c t  has been ob ta in ing  

c o n t r o l  f o r  t h e  compilat ion of l a r g e  scale topographic  base  maps. 

Hor izonta l  and v e r t i c a l  c o n t r o l  w a s  begun a t  Moses Rock, Utah, i n  

October 1964. The h o r i z o n t a l  c o n t r o l  and approximately 80% of t h e  

cllnnl emental ver t ical  c o n t r o l  have been completed. 

Summary 

T i m e  and motion s t u d i e s  on t h e  surveying techniques  and i n s t r u -  

mentat ion under s h i r t - s l e e v e  cond i t ions  have been completed. 

show t h a t  s i n g l e  p o i n t i n g  reading  ope ra t ions  r e q u i r e  on t h e  order  of 

one minute.  

t h a t  s i n g l e  angular  measurements are f e a s i b l e  wi th  a l-second reading  

t h e o d o l i t e  t o  ob ta in  n e a r - t h i r d  order  accurac ies .  Such accu rac i e s  may 

be r equ i r ed  f o r  c e r t a i n  lunar  exp lo ra t ion  a c t i v i t i e s .  

The d a t a  

Analysis  of t h e  h o r i z o n t a l  and v e r t i c a l  c o n t r o l  d a t a  shows 

Plane  t a b l e  and a l i d a d e  surveying techniques  provide  a s imple and 

d i r e c t  mapping c a p a b i l i t y  f o r  t h e  geo log i s t .  

automated they would permit t h e  e x t r a c t i o n  and compi la t ion  of f i e l d  d a t a  

a t  an  Earth-based f a c i l i t y  as t h e  f i e l d  i n v e s t i g a t i o n  progresses .  

Proper ly  modified and 
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Photo gramme t r y  

(J. D. Alderman and J .  L. Derick) 

Introduc t ion  

The MLEI program con ta ins ,  as a Support f o r  geologic  mapping, a 

cont inuing  i n v e s t i g a t i o n  of photogrammetric systems and techniques .  

During t h e  f i r s t  h a l f  of f i s c a l  1965 t h e  main system i n v e s t i g a t e d  w a s  

an e lec t romechanica l  imaging system adaptable  t o  photogrammetric p l o t -  

t i n g .  

t h e  LEM w a s  considered.  

I n  a d d i t i o n  t h e  use fu lness  of s t a t i o n a r y  camera p o s i t i o n s  on 

The geologic  a p p l i c a t i o n s  of photogrammetric techniques  are nu- 

merous. Some of t h e s e  app l i ca t ions  are: 

1. Q u a n t i t a t i v e  s c a l i n g  of geologic f e a t u r e s  such as con- 

t a c t s ,  s m a l l  s t r u c t u r e s ,  and t e x t u r e s .  

2.  Por t ray ing  areal  and s i z e  d i s t r i b u t i o n  and n a t u r e  of 

s u r f a c e  f e a t u r e s  such as c r a t e r s  or  e j e c t a  blocks.  

3 .  D i r e c t l y  showing r e l a t i o n s h i p s  of geologic  and topo- 

graphic  f e a t u r e s  f o r  geomorphic s t u d i e s .  

Allowing observed f e a t u r e s  t o  be r e l a t e d  t o  p l an ime t r i c  

base ,  t hus  sav ing  cons iderable  t i m e  i n  geologic  mapping 

where c o n t a c t s  o r  s t r u c t u r e s  are exposed. This  could 

be coupled wi th  adequate sampling t o  produce a s tandard  

map, o r  used t o  cons t ruc t  i n t e r p r e t i v e  geologic  maps 

from areas beyond t h e  range of a s t ronau t  mob i l i t y .  

5 .  Remotely desc r ib ing  and measuring h o r i z o n t a l l y  layered  

4 .  

material exposed i n  b l u f f s ,  crater w a l l s  and c l i f f s ,  
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with o r  without  la ter  sampling. This  technique  has  been 

f i e l d  t e s t e d  wi th  f avorab le  r e s u l t s  (see : pper-.;; : 9). 

6.  Rela t ing  geologic  and topographic f e a t u r e s  seen  on t h e  

su r face  t o  t h e  o r b i t e r  photographs.  

allow t h e  e x t r a p o l a t i o n  of t h e s e  f e a t u r e s  t o  o t h e r  areas 

t h a t  appear similar on t h e  o r b i t e r  photographs.  

Locating s t a t i o n s  by photographing t h e  a s t ronau t  a t  t h e  

Th i s  would t h e n  

7. 

s t  a t  ion .  

The above and o the r  a p p l i c a t i o n s  of photogrammetry w i l l  be inves-  

t i g a t e d  i n  f u r t h e r  tes ts .  

Data r educ t ion  complexi t ies  are def ined  by s t a t e - o f  - t h e - a r t  photo- 

A p l o t t e r  p r e s e n t l y  e x i s t s  t h a t  i s  capable  grammetric ins t rumenta t ion .  

~- L----- -& i m n m n r v  which might be obta ined  i n  a - .  . .  

&uL- - - . - - ,  - 

The nea r - r ea l  t i m e  mapping c a p a b i l i t y  w i l l  a l low t h e  p l o t t i n g  

of a roving  a s t r o n a u t ' s  t r a v e r s e s  and s m a l l  areas of s tudy  be fo re  

completion of t h e  miss ion ,  

Earth-based s c i e n t i s t s  t o  c o r r e l a t e  and eva lua te  t h e  mission be fo re  

t h e  a s t ronau t  r e e n t e r s  t h e  LEM, thereby  p e r m i t t i n g  e v a l u a t i o n  of t h e  

miss ion  and r e q u e s t s  f o r  a d d i t i o n a l  information.  

I n  t h i s  manner it w i l l  be p o s s i b l e  f o r  

E l e c  t r omec h an i c  a 1 C a m e r a  Imagery 
from t h e  LEM and t h e  Lunar Sur face  

To ob ta in  s t e r e o  terrestr ia l  photography wi th  measurable accu rac i e s  

t h a t  are comparable t o  v e r t i c a l  s tereophotography,  r e q u i r e s  such con- 

s t r a i n t s  t o  be  p laced  upon any imaging system, t h a t  only a l i m i t e d  
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number of systems may be employed. The p resen t  s tudy i n d i c a t e s  t h a t  

an  electromechanical  system w i l l  s a t i s f y  t h e  requirements .  

The electromechanical  f acs imi l e  camera, developed by Aeronutronics ,  

f u l f i l l s  one p a r t i c u l a r  mission requirement;  t o  o b t a i n  about t h e  LEM 

f u l l  f i e l d  (360") stereophotography of s t a b l e  geometry, high r e s o l u t i o n  

(0.1" o r  less) and X p a r a l l a x  of s u f f i c i e n t  q u a n t i t y  t o  be measured 

a t  80 meters wi th  a 0,001 percent  accuracy. This  system has t h e  added 

advantage t h a t  t h e  requirement can be accomplished au tomat i ca l ly  

wi th  t h e  camera mounted on top  of t h e  LEM. 

The f a c s i m i l e  camera provides an  image by scanning a f i e l d  through 

an e lec t romechanica l  motion. 

where scanning i s  performed wi th  an e l e c t r o n  beam. 

of f i x e d  focus o p t i c s  i n  t h e  most e lemental  form wi th  a s o l i d  state 

d e t e c t o r  r e s u l t s  i n  a very compact, l i gh t -we igh t ,  small-volume package 

t h a t  appears  very  app l i cab le  t o  Apollo photographic requi rements ,  

Cons idera t ion  of some a t t a i n a b l e  parameters  of t h e  camera i n d i -  

This  d i f f e r s  from t h e  cathode ray tu;?, 

The b a s i c  concept ion 

c a t e s  t h e  advantages of an electromechanical  scanning system: 

1. 

2 .  

3. 

4.  

5 .  

6 .  

7.  

Vertical  f i e l d :  go", +30 and -60". 

Hor izonta l  f i e l d :  360" i n  a stereo-mode. 

Angular r e s o l u t i o n :  0.05". 

T i m e  lower l i m i t  (p resent  conf igu ra t ion )  : 5 minutes.  

Band width:  i n d e f i n i t e .  

Image po in t  s t a b i l i t y :  0.03 t o  0.01". 

Luminance threshold :  5 t o  500 f o o t  lamberts  wi th  c a p a b i l i t y  

t o  respond t o  2500 foot lamberts .  
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8. Dynamic range: 1OO:l 

9. Transmission da ta :  analog.  

10. Environmental: thermal ly  c o n t r o l l a b l e  wi th  e l e c t r i c a l l y  

n e u t r a l  viewing window. 

11. S p e c t r a l  response:  depending on d e t e c t o r ,  a good p a r t  

of v i s u a l  and i n f r a r e d .  

12 .  Weight: camera, e l e c t r o n i c s ,  and d r i v e  motors combined, 

less than  1 2  pounds. 

I n  order  f o r  a photogrammetric system t o  f u n c t i o n  e f f i c i e n t l y ,  

t h e r e  must be geometric compa t ib i l i t y  between t h e  imaging device ,  

reproduct ion  equipment, and p l o t t i n g  instrument .  Avai lab le  i n  a pro- 

duc t ion  form is an a n a l y t i c a l  s t e r e o p l o t t e r  t h a t  can handle  a wide 

nf n a r n m e t e r s  and g ive  f i r s t  o rde r  r e s u l t s .  

1. 

2 .  

3 .  

4 .  

5 .  

6 .  

7. 

8 .  

9. 

Format s i z e  may range up t o  9.5 x 9.5 inches.  

Film t r anspa renc ie s  on g l a s s  p l a t e  d i a p o s i t i v e s  may be used 

i n  p l o t t e r .  

Focal lengths  may vary  from 1" t o  12". 

Accommodates a wide range of angular  f i e l d .  

Angular dev ia t ions  of - + 5 degrees  can  be co r rec t ed .  

Coordinate reading  i s  5 microns d i r e c t  a t  mode scale. 

Model o r i e n t a t i o n  i s  performed e i t h e r  manually, a n a l y t i c a l l y ,  

or  a combination wi th  minimal o r i e n t a t i o n  t i m e .  

Automatic p r o f i l i n g  . 
Known f i l m  d i s t o r t i o n s ,  c u r v a t u r e s ,  and image motion co r rec -  

t i o n s  are f e d  d i r e c t l y  i n t o  ope ra t ing  mode. 
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The p l o t t i n g  of e lectromechanical  imagery has less a t t endan t  

problems than  t h a t  of v id icon  imagery. 

The reproduct ion  (play back) of e lectromechanical  d a t a  i s  t h e  

weakest l i n k  i n  t h e  photogrammetric cha in .  Some re sea rch  and develop- 

ment i s  r equ i r ed  t o  produce a s u i t a b l e  play-back system. Technica l  

s t u d i e s  by Aeronutronics  demonstrate t h a t  t h e  amount of r e s e a r c h  and 

development necessary  t o  upgrade t h e  play-back system i s  s m a l l .  

The f u n c t i o n a l  requirements  f o r  a play-back system are: 

1. Must have s t a b l e  base ,  with n e a r - r e a l  t i m e  reproduct ion .  

2. Must have r e s o l u t i o n  wi th in  t h e  l i m i t s  of 0.01" t o  0.03".  

3 .  Must c o r r e c t  known e l e c t r o n i c  o r  o p t i c a l  a b e r r a t i o n s  a t  

t i m e  of play back. 

4 .  Must s t o r e  and reproduce d a t a  almost s imul taneous ly ,  

5.  Must have a dynamic range comparable t o  t h a t  of t h e  

e lec t romechanica l  imaging system. 

Techniques.--Three p o s s i b l e  techniques can be used t o  o b t a i n  t h e  

d e s i r e d  panorama us ing  a s i n g l e  camera. C o n s t r a i n t s  of weight ,  power, 

and band width accommodation p r o h i b i t  t h e  employment of a 2 camera system 

on t h e  e a r l y  Apollo miss ions .  

Technique number 1 i s  i n  a l l  a s p e c t s  t h e  -E-E. -  of t h e  t h r e e  i n  

t e r m s  of e f f i c i e n c y ,  automation, and t i m e .  The o the r  techniques  are 

cons idered  f o r  u s e  i n  emergency modes.  

Technique Number 1.--Should a per i scope  be a p a r t  of t h e  LEM 

des ign ,  t h e  placement of an automated e lec t romechanica l  scan system 

would l o g i c a l l y  f a l l  i n t o  a s h a r e  ca tegory  wi th  t h e  a l l o t e d  opening. 
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The electromechanical  scan system must be mechanical ly  and environmental ly  

independent of t h e  per i scope .  

I f  t h e  per i scope  i s  not  included on LEN, t h e  e lec t romechanica l  

system would g r e a t l y  b e n e f i t  i n  terms of increased  weight allowance 

t h a t  could be used t o  i n s u r e  maximum e f f i c i e n c y .  

Without b e n e f i t  of s p e c i f i c  c o n s t r a i n t s ,  t h e  t h r e e  modes of opera- 

t i o n  of t h e  electromechanical  system are b r i e f l y  s t a t e d .  One o r  two 

minutes a f t e r  i m p a c t  a servo  motor would d r i v e  t h e  t e l e scop ing  tube  

con ta in ing  t h e  camera i n t o  i t s  lower p o s i t i o n .  The t i m e  l apse  i s  t o  

a l low f o r  dampening of v i b r a t i o n .  Automatic scanning ope ra t ion  com- 

mences and cont inues u n t i l  t h e  r equ i r ed  scan is complete. The se rvo  

motor t hen  drives t h e  t e l e scop ing  tube  t o  i t s  second p o s i t i o n ,  a po in t  

--’- --- -- -q$-,-+ i 7 7 -  t w n  m e t e r  v e r t i c a l  base s e p a r a t i o n  between camera 

spec ted  a t  Manned Space Information Center f o r  completeness.  

and engineers  w i l l  s tart  immediately t o  e v a l u a t e  t h e  imagery and format 

layout  us ing  a photogrammetric p l o t t i n g  instrument .  

of t h e  lunar  s u r f a c e  miss ion ,  i f  no a d d i t i o n a l  panorama o r  p o r t i o n s  

the reo f  are r equ i r ed ,  t h e  f a c s i m i l e  system w i l l  be  au tomat ica l ly  e j e c t e d  

from LEM. 

S c i e n t i s t s  

Upon completion 

Technique Number 2.--This technique achieves t h e  same r e s u l t s  

as technique number 1. 

camera would be mounted manually t o  b racke t s  on a t r i p o d  on t o p  of 

t h e  LEM by an a s t ronau t  f o r  i t s  lower p o s i t i o n .  Rais ing  t h e  camera t o  

i t s  upper p o s i t i o n  would be accomplished manually o r  by a servo  motor. 

The b a s i c  d i f f e r e n c e  i s  t h a t  t h e  f a c s i m i l e  

. 
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The main drawback t o  t h i s  technique i s  t h a t  t h e  a s t ronau t  must spend 

t i m e  performing t h e  opera t ion .  

t h e  LEM wi th  a device ( t r ipod)  t o  hold t h e  f a c s i m i l e  camera t o  an 

o r i e n t e d  s t a b l e  mode, then  r een te r  t h e  a i r  lock f o r  t h e  camera, and 

f i n a l l y  make t h e  requi red  power connections.  

might be saved by employment of t h i s  technique. 

It w i l l  r e q u i r e  t h e  a s t ronau t  t o  leave 

Some weight o r  space 

Technique Number 3.--This technique e n t a i l s  t h e  placement of t h e  

f a c s i m i l e  camera on t h e  lunar  su r face  i n  l o c a t i o n s  about t h e  LEM, which 

would be l i m i t e d  by t h e  length of t h e  umbi l ica l  power cable .  

eva lua t ion  of t h i s  technique i s  out l ined  below; one based upon a v e r t i -  

c a l  s t e r eobase ,  t h e  second on a ho r i zon ta l  s t e r eobase  sepa ra t ion .  

The 

Vertical s t e reobase  p a i r s  would be taken  from two p o s i t i o n s  on 

oppos i t e  s i d e s  of t h e  LEM. The opera t ion  would involve s e t t i n g  up a 

t r i p o d  on t h e  s u r f a c e ,  l e v e l i n g  i t ,  s e t t i n g  t h e  camera a t  i t s  low pos i -  

t i o n  and al lowing it t o  record the  panorama, and then  s e t t i n g  t h e  

camera a t  i t s  upper p o s i t i o n  t o  record a second panorama. This  i s  

s i m i l a r  t o  technique number 2 ,  except t h a t  t h e  equipment would have 

t o  be c a r r i e d  out onto t h e  lunar  sur face  and t h e  opera t ion  performed 

s e p a r a t e l y  a t  each s t a t i o n .  A second l e v e l i n g  procedure would prob- 

ab ly  be necessary a t  t h e  upper p o s i t i o n ,  and t h e  problem of s t a b i l i t y  

and o r i e n t a t i o n  may make it imprac t ica l  t o  o b t a i n  a base sepa ra t ion  

of g r e a t e r  than  one m e t e r .  

This  technique wi th  a vertical  base would o b t a i n  good s t e r e o  

coverage of t h e  area about t h e  base of LEM. 
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A hor i zon ta l  base sepa ra t ion  involves  cons iderably  more problems. 

Four p o s i t i o n s  would be necessary around t h e  LEM. 

connectirg t h e  camera t o  t h e  LEM w e r e  used t o  i t s  l i m i t  t h e  camera 

p o s i t i o n s  would be about 75 f e e t  and 57 f e e t  from LEM along one axis 

and 67 f e e t  and 67 f e e t  along t h e  perpendicular  a x i s .  

t i o n  between adjacent  p o s i t i o n s  would be about 94 f e e t  on one s i d e  of 

t h e  LEM and 110 f e e t  on t h e  o the r  s i d e .  The sepa ra t ion  achieved along 

t h e  axes would be about 140 and 148 f e e t  r e spec t ive ly .  

I f  t h e  75 f o o t  c a b l e  

The base separa-  

Base sepa ra t ions  of t h i s  magnitude would g ive  good c o n t r o l  out  

t o  about 4,000 f e e t  i f  nothing o b s t r u c t s  t h e  view; however, much of 

t h e  near  f i e l d  would be s a c r i f i c e d .  There would be no usab le  s t e r e o  

coverage wi th in  t h e  a r e a  e n c i r c l e d  by t h e  camera p o s i t i o n s  due t o  too  

----+ = narallax and s c a l e  change. Much of t h i s  a r ea  could be covered 

I be used performing t h e  t a s k s  necessary f o r  t h e  opera t ion .  

t o  p o s i t i o n s  ad jacent  t o  LEN, although t h e  t o t a l  f i e l d  would then  be 

reduced considerably.  

A hor i zon ta l  base electromechanical  technique would r e q u i r e  ground 

c o n t r o l  f o r  t h e  base l i n e s  and would in t roduce  a g r e a t  many problems 

i n  p l o t t i n g  t h a t  are not  present  when a v e r t i c a l  base i s  used. 

Both of t h e  v a r i a t i o n s  of t h i s  technique have an advantage i n  

t h a t  they would not  be e f f e c t e d  by any v i b r a t i o n s  of t h e  LEM and would 

not need a long t e l e scop ing  m a s t .  However, t h e  view from t h e  ground 

l e v e l  would not  be a s  good as t h a t  from t h e  top  of t h e  LEM and, most 

s e r i o u s  of a l l ,  a cons iderable  amount of t h e  a s t r o n a u t s '  t i m e  would 

. 
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Photography from "Clips" o r  o the r  Devices 
Mounted Outside the Descent Stage of LEM 

S t a t i o n a r y  camera c l i p s  on the e x t e r i o r  of t h e  LEM could be used 

t o  o b t a i n  f i l m  stereophotographs of t h e  area surrounding t h e  LEM. A 

stereocamera would be moved from one c l i p  t o  t h e  next  around t h e  LEM 

and s i n c e  t h e  p o s i t i o n  and o r i e n t a t i o n  of each c l i p  would be known, 

photogrammetric a n a l y s i s  could be accomplished wi th  t h e  r e s u l t i n g  

s te reophotographic  coverage. To o b t a i n  h o r i z o n t a l  base s t e r e o  coverage 

of t h e  e n t i r e  area around t h e  LEM, 16  camera p o s i t i o n s  would be re- 

qui red .  Th i s  could be accomplished, e i t h e r  by p l ac ing  a c l i p  on each 

corner  and i n  t h e  c e n t e r  of each f l a t  s u r f a c e  of t h e  s p a c e c r a f t ,  wi th  

t h e  o p t i c a l  a x i s  of t h e  camera perpendicular  t o  t h e  v e r t i c a l  a x i s  of t h e  

s p a c e c r a f t  ( s ee  f i g u r e  3 0 ) ,  or  by mounting a c l i p  on each corner  t h a t  

would permit t h e  camera t o  be placed i n  two p o s i t i o n s .  These two 

p o s i t i o n s  would po in t  t h e  camera i n  oppos i te  d i r e c t i o n s  and t h e  o p t i -  

ca l  a x i s  of each would be  40" from t h e  f l a t  s u r f a c e  of t h e  s i d e  of 

LEM ( see  f i g u r e  31). The obs t ruc t ion  of view by t h e  l e g s  of t h e  descent 

s t a g e  is  p a r t l y  overcome by t h e  use of a s t e r e o  camera and may be 

ignored f o r  t h e  res t  of t h e  f i e l d  of view. Pos i t i on ing  of t h e  cameras 

on t h e  l e g s  of t h e  descent  s t a g e  t o  avoid any o b s t r u c t i o n  of view 

would inc rease  t h e  number of camera p o s i t i o n s  t o  twenty i n  order  t o  

f i l l  i n  gaps i n  t h e  near  f i e l d .  

Because of t h e  heavy demands on a s t ronau t  t i m e  r equ i r ed  when t h e  

camera is  moved from p o s i t i o n  t o  p o s i t i o n ,  t h e  camera c l i p  system i s  

be ing  considered as a backup system t o  be used i f  o the r  means of 
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CONSLDERED 

v 

Photography from “Clips‘ on LEM 

16 STATIONS 

80’ FIELD OF VIEW 

Figure  30.--0verlap of f i e l d s  of view f o r  cameras mounted on s i n g l e  
p o s i t i o n  camera c l i p s  a t  t h e  corners  and mid-face areas 
of t h e  LEM. 

L 



PHOTOGRAPHY FROM "CLlPS"0N L E M  

8 STATIONS 
2 VIEWS FROM EACH STATION 

80" FIELD OF VIEW 

F i g u r e  31. --Overlap of f i e l d s  of view f o r  cameras mounted on two-pos i t i on  
camera c l i p s  a t  each corner  of t h e  LEM. 



ob ta in ing  f i x e d  base  s tereophotographic  coverage of t h e  landing area 

i s  no t  a v a i l a b l e .  

is  i t s  very  low weight .  

The primary advantage of t h e  camera c l i p  system 
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ELECTRONICS INVESTIGATIONS FOR LUNAR FIELD SYSTEMS 

(R. H.  Barne t t ,  P r o j e c t  Chief)  

I n t  r oduc t i o n  

The o b j e c t i v e  of t h e  Elec t ronics  I n v e s t i g a t i o n s  f o r  Lunar F i e l d  

Systems p r o j e c t  dur ing  t h e  f i r s t  ha l f  of f i s c a l  year  1965 w a s  t o  i n -  

v e s t i g a t e  e l e c t r o n i c  systems f o r  t he  a c q u i s i t i o n  of geologica l  , geo- 

p h y s i c a l ,  and surveying d a t a  i n  f i e l d  ope ra t ions ,  and systems t o  t r a n s -  

m i t ,  r e c e i v e  and record  t h e s e  data .  I n  completion of t h i s  o b j e c t i v e ,  

systems s u i t a b l e  f o r  t h e  conduct of mission ope ra t ions  and t e s t i n g  

w e r e  e s t a b l i s h e d .  These inc lude  a microwave r e l a y  system and i t s  

a s s o c i a t e d  test equipment; a LEM mock-up mounted s u r v e i l l a n c e  te le-  

1 -  

v i s i o n  system; and f i e l d  and base vo ice  r a d i o  system. 

Laboratory I n v e s t i g a t i o n s  

Command, Data Reception and Analysis  (CDRA) F a c i l i t y  Systems 

Command, Data Reception and Analysis (CDRA) 4 a c i l i t y  s tudy has pro-  

gressed  t o  t h e  po in t  where major equipment can be s p e c i f i e d  and layout  

and in te r -connec t ion  diagrams made ( s e e  f i g u r e s  32 and 33). Equipment 

now i n s t a l l e d  and t e s t e d  i n  operat ion inc ludes  an RCA model TVM-1C 

t e l e v i s i o n  microwave r e c e i v e r ,  with sound channel ;  a KinTel model 

GRM-17 t e l e v i s i o n  monitor ;  and a General E l e c t r i c  remote c o n t r o l  u n i t  

f o r  t h e  VHF r a d i o  system. 

The microwave system has  a 7 megacycle bandwidth c a p a b i l i t y  and 

t h e  sound channel  has  an audio frequency bandwidth of 50-15000 cps .  

The t e l e v i s i o n  monitor has  a 10 megacycle v ideo  bandwidth t o  ensure  
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acceptance of t h e  de-modulated t e l e v i s i o n  and synchronizing s i g n a l s  

from t h e  microwave r e c e i v e r .  

The VHF vo ice  r a d i o  t r a n s m i t t e r  (100 w a t t s  ou tput  power) and 

r e c e i v e r  ( leased  from General Communications, Inc . ,  F l a g s t a f f ,  Arizona) 

are i n s t a l l e d  i n  l e s s o r  owned f a c i l i t i e s  on M t .  Elden, near  F l a g s t a f f ,  

The remote con t ro l  u n i t  i s  connected t o  t h e  t r a n s m i t t e r  and receiver 

by Mountain States Telephone and Telegraph Co. l i n e s  on a monthly 

r e n t a l  bas i s .  The system ope ra t e s  on 164.525 mc, ass igned  by t h e  

In te rdepar tmenta l  Radio Al loca t ion  Committee wi th  a 16 k i l o c y c l e  bandwidth, 

i n  accordance wi th  U .  S .  Department of t h e  I n t e r i o r  r e g u l a t i o n s .  The 

antenna system, common t o  t r a n s m i t t e r  and r e c e i v e r  i s  a quarter-wave 

v e r t i c a l  r a d i a t o r  , with ground p lane ,  a f f o r d i n g  360" h o r i z o n t a l  cover-  

ape. l i m i t e d  onlv bv toDORraDhY. a t  a maximum range of approximately 

A Sony Corporat ion model PV-100 p o r t a b l e  t e l e v i s i o n  magnetic 

t a p e  recorder  has  been rece ived  and i s  undergoing l abora to ry  t e s t i n g .  

The recorder  has  two-sound-track c a p a b i l i t y  i n  a d d i t i o n  t o  accept ing  

s tandard  t e l e v i s i o n  s i g n a l s .  It w i l l  be rack-mounted i n  t h e  CDRA, 

base o r  f i e l d ,  and provide primary record ing  of t h e  s u r f a c e  a s t r o n a u t ' s  

t e l e v i s i o n  camera s i g n a l s  o r  t h e  LEM mock-up s u r v e i l l a n c e  t e l e v i s i o n  

s i g n a l s ,  on a t i m e  shared b a s i s .  Twenty reels of t a p e  w e r e  procured 

t o  provide twenty hours  record ing  t i m e .  

A po r t ab le  t e l e v i s i o n  f i l m  reco rde r ,  H. W. Palmer model VFR-2S 

w a s  ordered,  wi th  de l ive ry  scheduled f o r  January 1965. This  w i l l  

provide fu l l - f rame record ing  of s tandard  t e l e v i s i o n  s i g n a l s ,  as w e l l  
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as sound t r a c k ,  on 16 mm movie fi lm. This  w i l l  y i e l d  f i l m  f o r  

photogrammetric a n a l y s i s ,  opera t ions  a n a l y s i s ,  and genera l  documenta- 

t i o n ,  and w i l l  s e rve  as back-up f o r  t h e  t ape  r eco rde r .  Addi t iona l ly ,  

primary t e l e v i s i o n  r eco rds  on magnetic t ape  can be s e l e c t i v e l y  f i lmed 

by t h e  f i l m  recorder  i n  post-mission ope ra t ions  documentary f i l m  pre-  

p a r a t i o n .  

according t o  operat  ions requirements.  

The recorder  w i l l  be i n s t a l l e d  i n  t h e  base o r  f i e l d  CDRA, 

S p e c i f i c a t i o n s  were w r i t t e n  and b i d s  rece ived  and eva lua ted  f o r  

t h e  procurement of a seven channel magnetic t a p e  recorder.. The con- 

t r ac t  i s  expected t o  be awarded in  January 1965 wi th  a d e l i v e r y  t i m e  

of 120 days. 

bandwidth of DC t o  500 KC on two channels ,  and 4CO cps  t o  1 .5  mc on t h e  

o t h e r  f i v e  channels .  The machine w i l l  be  used as t h e  primary record ing  

system f o r  narrow-band t e l e v i s i o n  from t h e  lunar  surveying s t a f f  o r  

s u r v e i l l a n c e  camera, and f o r  t ime-cor re la ted  te lemetered  s t a f f ,  p e r i -  

scope d a t a ,  and vo ice  c o n t r o l .  

The r eco rde r  w i l l  have t h e  c a p a b i l i t y  of record ing  a 

Relay Systems 

Relay system i n v e s t i g a t i o n s  , i n s o f a r  as frequency assignment and 

s i te  l o c a t i o n  are concerned, were def ined  by topography and r e g u l a t i o n s .  

Topographical ly ,  M t .  Elden, near  F l a g s t a f f ,  Arizona, i s  t h e  b e s t  loca-  

t i o n  f o r  t h e  near  f i e l d  opera t ions  r e l a y .  I n  t h e  i n t e r e s t  of economy, 

permission w a s  ob ta ined  t o  use  e x i s t i n g  antenna towers and bu i ld ings  

from t h e i r  owners, and t h e  U. S.  Forest  S e r v i c e ,  Department of t h e  

I n t e r i o r .  Fores t  Se rv ice  permission w a s  r equ i r ed  because M t .  Elden 

i s  p a r t  of t h e  Coconino Nat iona l  Fores t .  
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Ear ly  implemented f i e l d  opera t  ions  can u s e  "hard- l ine"  connect ions 

between t h e  as t ronaut  t e l e v i s i o n  camera and t h e  LEM mock-up. Accordingly,  

c a b l i n g  design i s  i n  p rogres s ,  t o  inc lude  a l l  l i n k s  between a s t r o n a u t ,  

LEM mock-up, and t h e  radio-microwave f i e l d  (LEM r e l a y )  t e rmina l .  

radio-microwave f i e l d  t e rmina l  w i l l  be  housed i n  a van,  and a nearby 

p o r t a b l e  generator  system w i l l  provide power t o  t h e  van and t h e  LEM 

mock-up. 

(25 w a t t s  t r a n s m i t t e r  power) and microwave t r a n s m i t t e r .  It w i l l  inc lude  

equipment t o  process  d a t a  from t h e  a s t r o n a u t ' s  surveying s t a f f  and t h e  

LEM mock-up per iscope f o r  t ransmiss ion  by t h e  microwave l i n k .  

t i o n a l l y ,  c i r c u i t r y  w i l l  be included t o  permit commands v i a  t h e  VHF 

r a d i o  l i n k  t o  select e i t h e r  t h e  LEM mock-up s u r v e i l l a n c e  camera s i g n a l ,  

o r  t h e  a s t r o n a u t ' s  s t a f f  camera s i g n a l ,  f o r  t ransmiss ion  by t h e  micro- 

The 

The f i e l d  t e rmina l  w i l l  c o n s i s t  of a VHF vo ice  t r a n s c e i v e r  

Addi- 

- I  

I 

be c a r r i e d  in  t h e  van. 

Lunar Excursion Module (LEM) Mock-up Systems 

LEM mock-up systems i n v e s t i g a t i o n s  include:  s u r v e i l l a n c e  tele- 

v i s i o n ;  communications between a s t r o n a u t ,  LEM mock-up and CDRA; per i scope  

d a t a  a c q u i s i t i o n ;  and record ing  of s t a f f  and per i scope  d a t a ,  S t a t e -  

o f - t h e - a r t  and a v a i l a b i l i t y  i n v e s t i g a t i o n s  r equ i r ed  v i s i t s  t o  v a r i o u s  

NASA f a c i l i t i e s  and c o n t r a c t o r s ,  t o  determine a p p l i c a b i l i t y  w i t h i n  

probable  t echn ica l  c o n s t r a i n t s .  

I n  view of development t i m e  and c o s t s  f o r  a s p e c i a l  system requ i r ed ,  

it w a s  decided t o  use  r e a d i l y  a v a i l a b l e  components wherever poss ib l e .  
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A KinTel Model 2020 (modified) t e l e v i s i o n  camera and monitor were 

procured f o r  s u r v e i l l a n c e  of t h e  su r face  a s t ronau t .  A s m a l l  (5") 

monitor f o r  t h e  LEM mock-up as t ronaut  w i l l  a l low t e l e v i s i o n  observa- 

t i o n  of t h e  su r face  as t ronaut .  The system, ope ra t ing  a t  commercial 

ra tes ,  w i l l  be wired t o  t h e  LEM re l ay  van f o r  t ransmiss ion  t o  t h e  

CDRA, v i a  t h e  microwave l i n k .  Astronaut t o  LEM mock-up t o  CDRA communi- 

c a t i o n s  w i l l  be handled by cabl ing  t o  t h e  LEM r e l a y  and VB r a d i o  

l i n k ,  (Note: Early s h i r t - s l e e v e  ope ra t ions  c o m u n i c a t i s n s  w i l l  be 

accomplished by us ing  p o r t a b l e  t r a n s c e i v e r s ,  wi th  no r e l a y . t o  CDRA.) 

I n v e s t i g a t i o n s  of per i scope  e l eva t ion ,  azimuth, and range d a t a  read-out  

methods has  progressed t o  t h e  point  where design can begin.  

w i l l  be from p o s i t i o n  t r ansduce r s  mechanically coupled t o  t h e  per i scope  

c o n t r o l s .  This  information w i l l  be  hard- l ined  t o  t h e  ZEM r e l a y  f o r  

FM/FM t ransmiss ion  t o  CDRA v i a  the  microwave sound channel ,  on command 

of t h e  per i scope  ope ra to r .  

Read-outs 

Magnetic t a p e  record ing  of vo ice  and d a t a  w i l l .  be accomplished 

by a s u i t a b l e  r eco rde r  i n  t h e  LEM mock-up o r  LEM r e l a y .  There are 

several manufacturers  of t h i s  type of equipment and an appraximate 

model w i l l  be purchased when requi red .  

A t  Westinghouse Corporat ion,  Aerospace Divis ion Baltimore , Maryland, 

v a r i o u s  t e l e v i s i o n  systems were observed and d iscussed .  A malecular  

c i r c u i t r y  t e l e v i s i o n  camera, wi th  a 1" diameter v id i con  camera tube  

was shown as an example of high dens i ty ,  s m a l l  volume packaging capa- 

b i l i t y .  The Secondary E lec t ron  Conduction (SEC) v id icon  camera t u b e  

w a s  descr ibed .  Westinghouse plans t o  reduce t h e  s i z e  of t h e  tube ,  and 
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i n  combination with molecular c i r c u i t r y  , produce t h e  Apollo PA0 camera. 

A thermal  study mock-up of t h e  PA0 camera w a s  shown. 

Radio Corporation of America, Ast ro-Elec t ronics  Div is ion ,  P r ince ton ,  

New Je r sey ,  showed v a r i o u s  space-pro jec t  imaging systems wi th  p o s s i b l e  

a p p l i c a t i o n  t o  lunar  exp lo ra t ion .  

were descr ibed.  

camera tube ,  f o r  s i n g l e  frame s to rage  and command read-out .  

w a s  a space - f l i gh t  q u a l i f i e d  image o r th i con  camera. 

s imula tor  f a c i l i t y  w a s  demonstrated.  This  i s  a system t o  s imula te  

t e l e v i s i o n  p i c t u r e s  a t  v a r i o u s  l i n e  and frame ra tes ,  t o  s tudy image 

q u a l i t i e s  as a func t ion  of t h e s e  v a r i a b l e s .  

Nimbus weather s a t e l l i t e  cameras 

These u s e  an image s to rage  technique  i n  a v id i con  

A l s o  seen 

RCA'S t e l e v i s i o n  

Laser  ranging systems w e r e  discussed f o r  p o s s i b l e  a p p l i c a t i o n  

+n = w a l k i n u  n n t r o n n i i t  t r a c k i n e  svstem (from t h e  LEM mock-up). Westing- 

could be combined wi th  ranging  c i r c u i t r y  and se rvo  systems f o r  au to-  

t r ack ing .  

Vehicular mission systems.--A p o r t a b l e  laser ranging  system w a s  

demonstrated a t  F t .  Monmouth, Mew Je r sey .  Arrangements were previous ly  

made through NASA headquar te rs  t o  u s e  t h e  instrument  i n  f i e l d  s t u d i e s  

f o r  a p p l i c a t i o n  t o  lunar  f i e l d  surveying.  P o s s i b i l i t i e s  of improving 

t h e  system t o  accu rac i e s  r equ i r ed  f o r  surveying were discussed.  Sur- 

veyors  of MLEI w i l l  u s e  t h e  instrument  i n  f i e l d  s t u d i e s ,  and wi th  t h e  

a s s i s t a n c e  of t h e  e l e c t r o n i c s  i n v e s t i g a t i o n s  p r o j e c t ,  w i l l  gene ra t e  

accu ra t e  requirement s p e c i f i c a t i o n s .  
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The LEM exp lo ra t ion  systems discussed above and t h e  laser ranging 

system f o r  surveying are app l i cab le  t o  extended v e h i c u l a r  mission 

ope ra t ions .  

t h e  mission v e h i c l e .  Addi t iona l ly ,  a l l  a s t ronau t  s t a f f  d a t a  and com- 

municat ions w i l l  have t o  be t ransmi t ted  v i a  R.F. l i n k  t o  t h e  miss ion  

veh ic l e .  

s t a f f ,  f o r  v ideo ,  vo ice  r a d i o ,  and te lemet ry  i s  under cons ide ra t ion .  

The l i m i t i n g  c o n s t r a i n t  may prove t o  be t h e  volume of power source 

ve r sus  mission t i m e .  

I n  t h i s  case, a l l  re lay ing  func t ions  w i l l  be  housed i n  

The housing of t r a n s m i t t e r  packages wi th in  t h e  surveying 

Microwave r e l a y i n g  from a mission v e h i c l e  i n  motion w i l l  r e q u i r e  

an automatic  po in t ing  system. A s  t h i s  requirement becomes f i rm,  i n -  

v e s t i g a t i o n s  i n t o  methods of achieving t h i s  w i l l  be conducted. 

Astronaut Systems 

Astronaut systems w i l l  include communications, t e l e v i s i o n ,  and 

s t a f f  d a t a  sensors .  Communications w i l l  be v i a  c a b l e  between a s t r o -  

naut  and LEM mock-up and between LEM mock-up and t h e  LEM r e l a y  van. 

Here t h e  vo ice  s i g n a l s  w i l l  be patched t o  t h e  VHF vo ice  t r a n s c e i v e r  

f o r  r e l a y  t o  and from CDRA. 

Astronaut instrumentat ion.--The t e l e v i s i o n  camera w i l l  be mounted 

on t h e  s t a f f  o r thogonal ly .  It w i l l  have a f i x e d  focus l e n s  and r e q u i r e  

no ope ra t ing  adjustments  by t h e  as t ronaut .  The camera c o n t r o l  u n i t ,  

synchronizing s i g n a l  gene ra to r ,  and v ideo  ampl i f i e r  w i l l  be  i n  a back 

pack cabled  t o  t h e  camera. 

p o r t a b l e  genera tor  through LEM re lay  and LEM mock-up, by cab le .  

Necessary ope ra t ing  power w i l l  be from t h e  

Composite 
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video  s igna l s  from t h e  back-packed video a m p l i f i e r  w i l l  be cab led  t o  

LEM mock-up f o r  v i s u a l  monitor ing,  and t o  LEX r e l a y  f o r  t r ansmiss ion  

v i a  t h e  microwave l i n k  t o  CDRA. 

S t a f f  d a t a  s enso r s  w i l l  inc lude  a sun compass, t o  u s e  sun ang le  

f o r  geographic r e fe rence ;  a manually pos i t i oned  c l inomete r ,  t o  r ead  

a t t i t u d e s  of geologic  f e a t u r e s ;  a two-axis pendulum c l inometer  t o  

r e f e r e n c e  s t a f f  a t t i t u d e ;  and a penetrometer t o  measure s u r f a c e  bea r ing  

s t r e n g t h  . 
A sun compass c o n s i s t s  of a gnomon o r  ver t ica l  rod  which c a s t s  a 

shadow on a h o r i z o n t a l  azimuth c i r c l e .  Shadow p o s i t i o n ,  hence sun 

ang le ,  wi th  r e fe rence  t o  a p re - f ixed  zero ,  can then  be read .  

t h e  shadow p o s i t i o n  would be auto-reading by means of some photo-sensi- t ive 

svstern T n w s t  i eations cont inue  i n t o  t h i s  D o s s i b i l i t v .  One amroach  

I d e a l l y ,  

The convent ional  form of t h i s  device  i s  known as a poten t iometer .  

This  i s  a r e s i s t a n c e  t h a t  varies wi th  r o t a r y  s h a f t  p o s i t i o n .  It con- 

s i s t s ,  u s u a l l y ,  of an ou te r  r e s i s t a n c e  element and a concen t r i c  s h a f t  

connected metal  wiper a r m .  A s  t h e  s h a f t  r o t a t e s ,  t h e  wiper a r m  moves 

along t h e  element, and t h e  r e s i s t a n c e  

t h e  element and t h e  s h a f t  v a r i e s  as a func t ion  of s h a f t  r o t a t i o n .  I n  

t h e  "Photopot," t h e  wiper a r m  i s  rep laced  by a l i g h t  beam which f a l l s  

on a photo-conductive material  concen t r i c  wi th  and between t h e  resist-  

ance element and t h e  s h a f t .  Hence, as t h e  s h a f t  r o t a t e s  t h e  l i g h t  beam 

around t h e  photo-conductor,  e l e c t r i c a l  connect ion i s  d i s c r e t e l y  made 

between the  r e s i s t a n c e  element and t h e  s h a f t  , provid ing  a v a r i a t i o n  

as measured between one end of 

. 

. 

- 166 - 



of r e s i s t a n c e  wi th  s h a f t  r o t a t i o n ,  as i n  a convent ional  po ten t iometer .  

The modi f ica t ion  under inves t iga t ion  w i l l  be,  i n  essence ,  t o  r e p l a c e  

t h e  photo-conductive material w i t h  p h o t o - r e s i s t i v e  material ,  and t o  

make t h e  potent iometer  i n t o  a c i r c u l a r  h o r i z o n t a l  plane.  Thus, i l l u -  

minat ion w i l l  provide r e s i s t a n c e ,  or  i n s u l a t i o n ,  and shadow from t h e  

gnomon w i l l  provide t h e  d i s c r e t e  conductive p a t h ,  o r  wiper.  

The manually pos i t i oned  clinometer s h a f t  w i l l  be mechanical ly  

coupled t o  a convent ional  potent iometer  f o r  e l e c t r i c a l  read-out .  The 

two a x i s  pendulum c l inometer  w i l l  be two sepa ra t e  pendulums, f r e e  t o  

swing or thogonal ly  t o  each other .Their  s e p a r a t e  r o t a t i o n a l  axes w i l l  

be mechanically coupled t o  potent iometers  f o r  e l e c t r i c a l  read-out  of 

s t a f f  dev ia t ion  from l o c a l  v e r t i c a l ,  i n  two or thogonal  p lanes .  This  

w i l l  y i e l d  s t a f f  a t t i t u d e ,  by s i m p l e  t r igonometr ic  reduct ion .  

The penetrometer w i l l  be  i n  the base of t h e  s t a f f .  The prod,  

having a known c r o s s - s e c t i o n a l  a rea ,  w i l l  be mechanically coupled 

t o  a concen t r i c  sp r ing  of known cons tan t ,  compressive o r  t e n s i l e ,  

depending upon mechanical des ign  c o n s t r a i n t s .  The prod w i l l  a l s o  

couple  t o  a l i n e a r  displacement potent iometer .  The maximum r e s i s t a n c e  

d e v i a t i o n  from rest w i l l  t hen  be a d i r e c t  l i n e a r  func t ion  of prod area, 

s p r i n g  c o n s t a n t ,  and s o i l  bear ing  r e s i s t a n c e ,  and can be recorded o r  

d i sp layed  i n  terms of pounds p e r  square inch. 

Astronaut ins t rumenta t ion  data  handl ing . - - In  i n i t i a l  f i e l d  s t u d i e s ,  

t h e  r e s i s t a n c e  readings  of t h e  sensors  w i l l  be t r ansmi t t ed  by c a b l e  

through t h e  LEM mock-up, t o  t h e  LEM r e l a y  f o r  process ing  and t r ansmiss ion  

v ia  t h e  microwave vo ice  channel t o  CDRA. Process ing  w i l l  be i n  t h e  
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form of FM/FM te lemet ry .  That i s ,  t h e  r e s i s t a n c e  change of each sensor  

w i l l  modulate an audio  frequency i n  accordance wi th  i n d u s t r y  accepted 

I n t e r  Range Ins t rumenta t ion  Group (IRIG) s p e c i f i c a t i o n s .  These f r e -  

quency modulated (FM) audio s i g n a l s  w i l l  t hen  be frequency mul t ip lexed  

(/FM) onto  t h e  vo ice  (audio)  microwave channel .  

mult iplexed s i g n a l s  can  be recorded on a s i n g l e  magnetic t a p e  t r a c k ,  

o r  s p l i t  out by band pass  f i l t e r s ,  and recorded on s e p a r a t e  t r a c k s .  

I n  t h e  CDRA, t h e  

A s  t h e  requirement f o r  f r e e i n g  t h e  s u r f a c e  a s t ronau t  from "hard" 

connections t o  t h e  LEM mock-up (o r  mission v e h i c l e )  approaches,  t h e  

FM/FM system and i t s  necessary  power source  w i l l  be phys i ca l ly  i n s t a l l e d  

i n  t h e  s t a f f .  Because it is  planned a t  t h i s  t i m e  t o  command read-out  

by "button-pushing" on t h e  s t a f f ,  t h e  t e l eme t ry  s i g n a l ,  of perhaps one 

enennil t i m o  d r l r a t i n n  ran he transmitted to t h e  r e l a v  over t h e  a s t r o -  

i n  weight ,  volume and power. 

The a s t r o n a u t ' s  vo ice  r a d i o  t r a n s m i t t e r - r e c e i v e r  and i t s  power 

source w i l l  i d e a l l y  be included i n  t h e  s t a f f ,  and use  t h e  sun compass 

gnomon as i t s  antenna. A VHF t r a n s m i t t e r  and power source f o r  t h e  

s t a f f  t e l e v i s i o n  s i g n a l  w i l l  a l s o  be r equ i r ed .  I n i t i a l l y ,  t h i s  w i l l  

be i n  a "back-pack,'! but  i n v e s t i g a t i o n s  i n t o  "miniatur iz ing" t h e  system 

cont inue  , 

Laboratory I n v e s t i g a t i o n s  Summary 

I n  summary, s u f f i c i e n t  information has  been acqui red  t o  proceed 

i n t o  design and/or  procurement of most of t h e  components and systems. 
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. 
Those not  y e t  f i rm  are s t i l l  under s tudy and s o l u t i o n s  w i l l  be obta ined  

i n  t h e  near f u t u r e .  

Log i s t i c s  Support 

(W. A. Mason) 

In t roduc t ion  

The work e f f o r t  during t h i s  r epor t  per iod  has been involved wi th  

t h e  a c q u i s i t i o n ,  t e s t i n g ,  and i n s t a l l a t i o n  of e l e c t r o n i c  equipment t o  

support  f i e l d  ope ra t ions  of t h e  Manned Lunar Explora t ion  I n v e s t i g a t i o n s .  

Microwave System 

Two USGS owned RCA X-band t e l e v i s i o n  microwave r e l a y  systems, 

model T V M - l C ,  w e r e  procured t o  permit f i e l d  missions a c t i v i t i e s  t o  

be monitored f o r  c o n t r o l  from t h e  Command, Data Recept ion,  and Analysis  

F a c i l i t y  (CDRA) i n  F l a g s t a f f .  These systems are combined t o  make a 

two-hop system from t h e  f i e l d  s i t e s  t o  t h e  CDRA v i a  an a l r eady  e s t ab -  

l i s h e d  r e l a y  on M t .  Elden near  F l a g s t a f f .  

This  system ope ra t e s  on a frequency of 7.128 g igacycles  ass igned  

by t h e  In te r -depar tmenta l  Radio Al loca t ion  Committee ( I R A C ) .  The 

E f f e c t i v e  Radiated Power (ERP) i s  10 k i l o w a t t s  and i s  capable  of l i n e -  

o f - s igh t  t ransmiss ion  of over 75 m i l e s ,  n eg lec t ing  adverse  atmospheric 

cond i t ions  and F resne l  Zone Effec ts .  With t h e  a c q u i s i t i o n  of a t h i r d  

r e l a y  system by MLEI, Hopi But tes ,  85 m i l e s  from F l a g s t a f f ,  w i l l  be 

wi th in  t h e  c o n t r o l  a r e a  of t h e  CDRA. This  t h i r d  system w i l l  a l s o  pro- 

v i d e  one-hop r e l a y i n g  i n  f a r - f i e l d  ope ra t ions  between LEM mock-up o r  

mobile l abora to ry  and t h e  f i e l d  CDRA. 
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The maintenance and t e s t i n g  of t h e  microwave system i s  accomplished 

wi th  spec ia l i zed  tes t  equipment c o n s i s t i n g  of a v ideo  tes t  set ,  two 

sweep genera tors ,  an R.F. s i g n a l  gene ra to r ,  a microwave tes t  set ,  and 

a volt-ohm-milliammeter. Spec ia l i zed  impedance devices  f o r  c i r c u i t  

t e s t i n g  have been designed f o r  t h i s  system and w i l l  be f a b r i c a t e d  as 

r equ i r ed .  P r i o r  t o  t h e  i n s t a l l a t i o n  of t h e  microwave r e l a y ,  a com- 

p l e t e  test of t h e  microwave system was performed u t i l i z i n g  t h e  test  

equipment and procedures  recommended by t h e  manufacturer.  

Mounts f a b r i c a t e d  i n  t h e  Branch of Astrogeology instrument  shop 

were used t o  a f f i x  t h e  r e c e i v e r ,  t r a n s m i t t e r  and antennas t o  t h e  towers .  

Trees were c l e a r e d  t o  o b t a i n  l i n e - o f - s i g h t  t o  Bonito Lava Flow. 

t h e  alignment of t h e  antennas t o  t r a n s f e r  maximum s i g n a l  energy,  t h e  

Af t e r  

microwave l i n k  was f i e l d  t e s t e d  hv t h e  t r a n s m i s s i o n  o f  s t a n d a r d  t e l e -  

Bank Building i n  F l a g s t a f f .  

Sound d ip lex ing  equipment i s  c u r r e n t l y  being i n s t a l l e d  i n  t h e  

microwave equipment f o r  an FM/FM te lemeter ing  channel  from t h e  f i e l d  

t o  t h e  CDRA. This  w i l l  c a r r y  t h e  s t a f f  and per i scope  sensor  da t a .  

Radio System 

A VHF r e l a y  l i n k  was e s t a b l i s h e d  t o  g i v e  vo ice  communication from 

t h e  f i e l d  s i tes  t o  t h e  CDRA through a r e l a y  on M t .  Elden. This  equipment 

i s  i n s t a l l e d  i n  4 f i e l d  v e h i c l e s .  I n t e r v e h i c l e  communication, a t  25 

w a t t s ,  i s  poss ib l e  up t o  50 m i l e s .  

Techniques f o r  provid ing  g e o l o g i s t s  wi th  "hands f r e e "  r a d i o  com- 

munication from t h e  f i e l d  are being pe r fec t ed .  This  i s  c u r r e n t l y  
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accomplished by continuous keying of a p o r t a b l e  t r a n s c e i v e r ,  which 

a l lows  a g e o l o g i s t ,  making observa t ions  i n  t h e  f i e l d ,  t o  t r ansmi t  h i s  

observa t ions  t o  a nearby v e h i c l e  for  t a p e  record ing ,  thereby e l imina t ing  

h i s  notebook and p e n c i l ,  and leaving h i s  hands f r e e  t o  u s e  h i s  f i e l d  

geo log ica l  instruments .  A voice-operated c i r c u i t  f o r  keying t h e  t r a n s -  

m i t t e r  t o  reduce power d r a i n  and t o  e l i m i n a t e  t h e  continuous R.F. c a r r i e r  

i s  under inves t iga t ion .  

Command, Data Reception and Analysis  

Equipment c a b i n e t s  t o  house the  microwave r e c e i v e r ,  r a d i o  c o n t r o l  

u n i t  , t e l e v i s i o n  sync s t r i p p e r ,  video d i s t r i b u t i o n  panel  , audio d i s -  

t r i b u t i o n  panel ,  v ideo  t a p e  recorder ,  and video f i lm  recorder  w e r e  

purchased and i n s t a l l e d  i n  t h e  CDRA. 

Lunar Excursion Module (LEM) Mock-up 

A KinTel TV camera and a Sony PVJ 303R monitor ,  a c t i n g  as a f i e l d  

s u r v e i l l a n c e  system t o  be used by t h e  LEM as t ronau t  t o  observe t h e  

f i e l d  a s t r o n a u t ,  w a s  rece ived  and t e s t e d .  It w a s  i n s t a l l e d  i n  t h e  

LEM mock-up t o  provide t h e  mock-up wi th  f i e l d  c a p a b i l i t i e s .  

F i e ld  Support 

Two a l l -wheel  d r i v e ,  10-ton vans owned by t h e  Geological  Survey 

have been modified t o  se rve  as t h e  f i e l d  t ransmiss ion  f a c i l i t y  between 

t h e  LEM mock-up o r  mobile geologica l  l abo ra to ry  and t h e  CDRA v i a  t h e  

M t  , Elden r e l a y  and are c u r r e n t l y  i n  use  f o r  support  of t h e  f i e l d  

opera t ions .  Other v e h i c l e s  are one four-wheel d r i v e  c a r r y a l l  modif ied 
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f o r  use  a s  a surveying v e h i c l e ,  one u t i l i t y  pick-up t r u c k ,  and two 

s e m i - t r a i l e r  t r a c t o r s .  

t i o n s ,  a s e m i - t r a i l e r  van, f o r  use  as a mobile CDRA, i s  be ing  acquired.  

The equipment used i n  the  f ixed  CDRA w i l l  be i n s t a l l e d  i n  t h i s  van 

and e l imina te  t h e  purchase of dup l i ca t e  systems. 

procured by MLEI f o r  a f i e l d  r e l ay ing  f a c i l i t y .  

For f u t u r e  use  i n  support  of f a r - f i e l d  opera- 

A 15-ton van is being 

. 

. 
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DOCUMENTATION FOR LUNAR FIELD SYSTEMS 

(H. Stephens, Project Chief) 

Photographic documentation for lunar field systems has a two-fold 

objective: (1) scientific documentation for detailed analysis of mission 

operations and tests for Apollo and post-Apollo missions; and (2) docu- 

mentation of terrains, operations, and tests for dissemination of general 

information to a broad audience. 

Field Operations 

Time, Motion, and Information Documentation 

Motion picture film records have been made of single and sequenced 

tasks in geology, geophysics, and surveying performed on a variety of 

terrains, with standard field techniques and under standard conditions. 

Field geologic operations included geologic mapping, section measuring, 

and sampling operations. Geophysical and surveying operations were mainly 

concerned with instrument use. 

The film recordsof simple and compound operations performed under 

normal conditions are available for comparison with operations to be 

performed under a variety of constraints including planned operations to 

be performed under suited constraints from a LEM and a mobile geological 

laboratory. 

Test Site Documentation 

The geologic and topographic settings of the following test sites have 

been recorded on 16-mm color film: (1) Bonito and S. P. Crater lava flows 
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in the San Franciscan volcanic field near Flagstaff, Arizona; (2) Meteor 

Crater; (3) Parts of the Hopi Buttes volcanic field near Winslow, Arizona; 

( 4 )  Moses Rock diatreme of southeast Utah; and (5) Mono Craters and 

vicinity, California- Detailed records were made of the geologic and 

geomorphic relations considered important to mission development, testing, 

and evaluation. 

Laboratory and Library Support 

Laboratory Facilities 

A mobile field laboratory for the production of film and prints in 

remote test areas has been completed. This will enable limited review 

during missions operations testing. 

1 1  - 1  . - - I  7 ., t . - . .  c 

film. 

. .-I* 

Library Facilities 

A library containing the documentary, and the time and motion film 

footage has been established. Cataloging and indexing of the footage is 

in process. 

The film footage obtained during the reporting period and on file in 

the library is listed in table 13 .  
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Table 13.--Subject and type  of unedi ted,  continuous and i n t e r m i t t e n t l y  
run  f i l m  f o r  s tandard  geologica l ,  geophysical  and surveying 
f i e l d  opera t  i ons .  

Documentary, and t i m e ,  motion 
and inf  ormat ion  f o o t  age 
Color Monochrome 

P r o j e c t  and s u b j e c t  matter JFee t )  

Lunar F i e l d  Geological  Methods - f i l m  
r e c o r d s  of s tandard  geologic  t a s k s  
used i n  geologic  mapping, sampling 
and geologic  s e c t i o n  d e s c r i p t i o n  by 
both experienced g e o l o g i s t s  and in-  
experienced geo log ica l ly  t r a i n e d  
persons.  

1. 

2. 

3 .  

4.  

5.  

Experienced g e o l o g i s t s  des-  
c r i b i n g  rock outcrops  , us ing  
a compass, and c o l l e c t i n g  
and desc r ib ing  samples: 
Moses Rock, Utah 

Inexperienced geo log ica l ly  
t r a i n e d  persons performing 
v a r i o u s  mapping t a s k s ,  s a m -  
p l i n g  by g r i d  method, and 
desc r ib ing  geologic  forma- 
t i o n s  and geomorphology: 
Moses Rock, Utah 

Inexperienced geo log ica l ly  
t r a i n e d  persons desc r ib ing  
outcrops ,  and making com- 
pass  and t a p e  measurements: 
Wupatki a r e a  no r theas t  of 
F l a g s t a f f ,  Arizona 

Inexperienced geo log ica l ly  
t r a i n e d  persons desc r ib ing  
geology and measuring s lopes  
wi th  t a p e  and compass : 
Meteor Crater , Arizona 

Inexperienced geo log ica l ly  
t r a i n e d  persons c a l i b r a t i n g  
pace measurement: Meteor 
Crater , Arizona 

500 

2,500 

530 

400 

120 

(Feet)  

1 , 200 
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Table 13. --Continued. Subjec t  and type  of uned i t ed ,  cont inuous and 
i n t e r m i t t e n t l y  run  f i l m  f o r  s tandard  geo log ica l ,  geophysical  
and surveying f i e l d  opera t ions .  

Documentary , and t i m e  , mot ion  
and informat ion  footage  
Color Monochrome 

Pro jec t  and s u b j e c t  mat te r  ( F e e t )  (Feet)  

6 .  

7. 

8. 

9 .  

10. 

11. 

12 .  

Inexperienced geo log ica l ly  
t r a i n e d  persons t r a v e r s i n g  
smooth vo lcan ic  ash depos i t  
and rough aa l ava  flow, des-  
c r i b i n g  geology and record ing  
da ta :  Sunset Crater , Arizona 200 

Inexperienced geo log ica l ly  
t r a i n e d  persons desc r ib ing  
geology of vo lcan ic  crater  
and lava  flow. Also panor- 
amic views of t h e  c r a t e r  and 
surrounding t e r r a i n :  S .  P. 
Crater , Arizona 

Inexperienced geo log ica l ly  

u t a n  

160 

L W V  

Experienced g e o l o g i s t s  pe r -  
forming s tandard  geologic  
mapping t a s k s :  Moses Rock, 
U t  ah 250 

Experienced g e o l o g i s t s  meas- 
u r ing  and desc r ib ing  geologic  
sec t ions :  Castle Butte  area, 
Hopi Bu t t e s ,  Arizona 400 

Aerial views of Hopi But tes  
vo lcanic  f i e l d  and Meteor 
C r a t e r ,  Arizona 400 

D e t a i l s  of rock outcrops i n  
t es t  s i t e  areas and gene ra l  
views of t h e  t e r r a i n s .  

Tot a1 

1,000 

6,700 1,200 

. 
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Table  13.--Continued. Subject  and type  of unedi ted ,  continuous and 
i n t e r m i t t e n t l y  run  f i l m  f o r  s tandard  geo log ica l ,  geophysical  
and surveying f i e l d  operat  ions.  

P r o j e c t  and sub jec t  matter 

Lunar F i e l d  Geophysical Methods - f i l m  
reco rds  of geophysical  instruments.  

1. 

2. 

3.  

Documentary , and t i m e  , mot ion  
and information footage  
Color Monochrome 
(Feet)  

Operat ion  of p o r t a b l e  seismo- 
meters, radiometers  and 
magnetometers: Kana-a, Sunset 
Crater area, Arizona 600 

Operat ion  of g r a v i t y  meter 
on volcanic  ash and rough aa 
lava flow: Sunset Crater,  
Arizona 

Operat ion  of seismic equip- 
ment: Mono Craters, e a s t e r n  
C a l i f o r n i a  

To ta l  

1,200 

1,300 

3,100 

Lunar F i e l d  Surveying Methods - f i lm  
reco rds  of opera t  ion  of s tandard  
f i e l d  surveying instruments .  

1. Operation of Wild T-2 Theodo- 
l i t e :  Bonito Flow, Arizona 969 

2. Operat ions of K&E Askania 
Theodol i te :  Kana-a Flow, Arizona 282 

3.  Operation of p lane  t a b l e  and 
a l idade :  Bonito Flow, Arizona 209 

4 .  Operat ions of plane t a b l e  and 
a 1 idade 
a) on rough aa lava  of Bonito Flow; 
b) on c inder  s lope  of Kana-a Flow; 
c)  on even ground a t  McMillan 

Heights;  
v i c i n i t y  F l a g s t a f f ,  Arizona 

(Feet)  

9 15 
7 08 

642 
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Table 13.--continued. Subjec t  and type  of unedi ted ,  cont inuous and 
i n t e r m i t t e n t l y  run  f i l m  f o r  s tandard  geo log ica l ,  geophysical  
and surveying f i e l d  opera t ions .  

Documentary , and t i m e  , mot i o n  
and information foo t  age 
Color Monochrome 

Pro jec t  and s u b j e c t  matter (Feet)  (Feet)  

5. Operations of Wild T-2 Theodo- 
l i t e  on 
a) rough a a  lava of Bonito Flow; 1,693 
b) on c inde r  s lope  of Kana-a Flow; 693 
c)  on even ground at McMillan 

Heights;  84 9 
v i c i n i t y  F l a g s t a f f  , Arizona 

To ta l  

E l e c t r o n i c  I n v e s t i g a t i o n s  f o r  Lunar 
F i e l d  Systems - f i l m  reco rd  of i n -  
s t a l l a t i o n  of microwave antennae on 
M t .  Elden near F l a g s t a f f ,  Arizona 

T o t a l  
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1,460 

200 

200 

5,500 



. *  

c 

Film Reports 

An ll-minute color and sound, 16-mm film entitled, "First Apollo 

Scientific Mission Simulation" was completed during the first half of fiscal 

year 1965. Copies were distributed to NASA Headquarters, Marshall Space 

Flight Center, Huntsville, Alabama and Manned Spacecraft Center, Houston, 

Texas. 

been produced for the geological, geophysical, and surveying field methods. 

Copies are on file in the library in Flagstaff. Film reports have 
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TEST SECTION AI 

CORRELATION OF TEST SECTIONS WITH CONTROL SECTION 
SHOWING COLORS OF WEATHERED SURFACES 

Colors given In Upper Cose le t ters  were est imated.  
Colors given In Lower Case le t ters  were obtained by 

comportson wtth the Rock-Color Chart published 
by the  Geological Soclety of  America (1963). 
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CHART I 
LUNAR F I E L D  GEOLOGICAL METHODS 

INVESTIGATION OF SEQUENCED GEOLOGICAL OF 

1 DESCRIPTION, SAMPLING, AND MEASUREMENT 
OF 

ST RAT I GR A P HI C SECT ION 

LOCATION 

West half Sec 28 and ea51 half Sec 29, T 2 2  N . R 19 E , mesa 
bluff 2 miles 50ulh-soulhea51 of Castle Butte Trading Past. 
Hopi Bui ies area, Navajo Indian Reservotlon. Naval0 County. Arlzona 
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